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ABSTRACT 
 

Background: Arteriovenous fistula (AVF) is the standard access for hemodialysis in end-stage renal 

disease (ESRD) patients on maintenance hemodialysis. Because of the higher rate of morbidity and 

mortality associated with central venous catheter (CVC), it should be used after exhaustion of all AVF 

options. Sometimes, insertion of CVC is very difficult or impossible even with radiological guidance due to 

central venous obstruction. Therefore, a category of patients with multi-access failure and central venous 

obstruction requires a reliable alternative access. Since arterio-arterial prosthetic loop (AAPL) was 

introduced as an access for hemodialysis with encouraging results, in the present study we studied the use 

of axillary-axillary AAPL for patients with multi-access failure and unsuitable for conventional vascular 

access. Aim of the work: Evaluation of the early results of axillary arterio-arterial synthetic loop as a 

vascular access for hemodialysis in ESRD patients with multi-access failure. Patients and methods: 

Twenty ESRD adult patients on maintenance hemodialysis with multi-access failure and unsuitable for 

conventional vascular access underwent Axillary arterio-arterial prosthetic loop procedure for 

hemodialysis. All patients were assessed preoperatively by duplex ultrasonography for the targeted upper 

limb. Polytetrafluroethylene (PTFE) graft was interpositioned in the end to end manner to the ends of the 

axillary artery after exposure of the artery through infraclavicular incision and creation of a 

subcutaneously looped tunnel on the chest wall. All patients received acetylsalisyslic acid indefinitely after 

the operation and puncture of the graft was allowed after 2 weeks. All patients had regular follow up visits 

for 6 months to assess the AAPL as regards: wound care, records from dialysis unit and exclude 

complications.  Results: The indications for creation of AAPL included multi-access failure with no 

possibility to create native AVF or AVG in 17 patients (85%), while steal syndrome was the indication in 2 

patients (10%) and heart failure in 1 patient (5%). The mean operative time was 120 minutes (ranging from 

90 to 140 minutes). The median length of hospital stay after the procedure was 4 days (ranging from 2 to 5 

days) and the perioperative mortality rate at 30 days was 5 %. The median access flow at rest was 200 

ml/min (150 – 300 ml/min) at 1 month postoperatively, with no significant difference at 3 and 6 months. 

Primary and secondary patency rates at 6 months were 80% and 90% respectively. Access thrombosis 

occurred in 3 patients with mild hand ischemia and the graft was salvaged 2 patients, while in the third 

patient the graft was severely lacerated and was ligated. Severe infection was encountered in one patient 

with secondary hemorrhage which necessitated graft excision and ligation of the axillary artery with 

compensated upper limb. Conclusion: Axillary arterio-arterial prosthetic loop can be considered as an 

alternative procedure for hemodialysis in ESRD patients with multi-access failure and occlusion of central 

veins. 
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INTRODUCTION 
 

Functioning vascular access (VA) is essential 

for an efficient hemodialysis (HD). AVF is the 

standard access for HD in ESRD patients on 

maintenance HD.
 (1)

 The introduction of prosthetic 

arteriovenous graft (AVG) and CVC has given the 

chance to choose the most suitable VA for HD 

patient. Because of the higher rate of morbidity 

(thrombosis, sepsis and central venous 

obstruction) and mortality associated with central 

CVC and AVG, they should be used after 

exhaustion of all AVF options.
 (2)

 Improvement in 

HD and better management of comorbidities 

resulted in higher life expectancy for dialysis 

patients. 
(3)

 According to guidelines of National 

Kidney Foundation Kidney Disease Outcomes 

Quality Initiative (NKF- K/DOQI) 
(4)

, the 

preferred site for AVF is the forearm 

(radiocephalic) followed by the elbow 
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(brachiocephalic) and lastly the arm 

(brachiobasilic AVF or brachial venae comitants 

AVF with superficialization). Well-functioning 

access should have flow ≥ 600 ml/min, vein 

diameter ≥ 6 mm and doesn’t exceed 6 mm in 

depth. 

Arteriovenous graft (AVG) is a graft 

interpositioned between an artery and a vein and 

it is the second step after exhaustion of native 

veins options. 
(5)

 Prosthetic AVGs are either 

autologous, biological or synthetic. AVG 

insertion in the upper extremity is preferred than 

the lower extremity, because of the lower risk of 

infection and sepsis. After exhaustion of upper 

limb sites, the thigh is the next site. AVG can be 

used in the straight, C- shaped or loop 

configuration. 
(6- 8)

  

Central Venous Catheters (CVC) is an option 

for urgent HD required at the time of dialysis 

initiation or permanent access dysfunction. 
(9)

 

Preferable sites for CVC insertion are internal 

jugular vein (IJV), common femoral vein (CFV) 

and lastly subclavian vein (SCV).
(10)

 

Complications of CVCs include: complications 

associated with insertion as vascular injuries 

(arterial puncture, pseudoaneurysm) hematoma, 

air embolism, pneumothorax and malposition, 
(11, 

12)
 indwelling complications (infection, 

thrombosis, catheter kinking and fracture with 

possible embolization. 
(13)

 Sometimes, insertion of 

CVC is very difficult or impossible even with 

radiological or ultrasonographic guidance due to 

central venous obstruction. 
(14)

 Therefore, a 

category of patients with multi-access failure and 

central venous obstruction requires a reliable 

alternative access. 

Butt and Kountz 
(15)

 reported using a bovine 

carotid artery in creation of femeropopliteal 

interposition graft as vascular access with 

satisfactory result. In 2005, Bunger et al 
(16)

 performed axillary-axillary inter-arterial chest 

loop graft as an access for hemodialysis in 20 

patients with good patency rate. Zanow et al 
(17)

 

reported using a synthetic arterio-arterial (AA) 

loop in proximal axillary or femoral artery as a 

vascular access for hemodialysis with excellent 

results. Since the results of arterio-arterial 

prosthetic loop (AAPL) were encouraging, in the 

present study we used axillary-axillary AAPL for 

patients with multi-access failure and unsuitable 

for conventional vascular access. 

 

AIM OF THE WORK 
 

The aim of the work was to evaluate the early 

results of axillary arterio-arterial synthetic loop as 

a vascular access for hemodialysis in ESRD 

patients with multi-access failure.  

 

PATIENTS AND METHODS 
 

This study was done at Alexandria Main 

University Hospital on twenty ESRD adult 

patients on maintenance hemodialysis with multi-

access failure and unsuitable for conventional 

vascular access. Duplex ultrasonography for the 

targeted upper limb was performed for all patients 

preoperatively: Arterial duplex to rule out arterial 

occlusions and venous duplex to exclude the 

presence of suitable veins for AVF. 

 Surgical procedure 

After Exposure of the axillary artery through 

infraclavicular incision and separation of cords of 

the brachial plexus (figure 1), a subcutaneously 

looped tunnel was created on the chest wall, then 

division of the axillary artery (figure 2) and 

polytetrafluroethylene (PTFE) graft was 

interpositioned in the end to end manner to the 

ends of the axillary artery after putting the graft in 

the subcutaneous tunnel (figure 3).  The diameter 

of the graft was chosen according to the diameter 

of the axillary artery during surgery (6 mm or 8 

mm). Intravenous unfractionated heparin 5000 i.u. 

was given before clamping of the axillary artery 

after securing hemostasis in the subcutaneous 

tunnel. A drain was left for few days. Patients 

received low molecular weight heparin (clexane) 

20 mg/24 hours for 1 week and acetylsalisyslic 

acid (ASA) indefinitely. Puncture of the graft was 

allowed after 2 weeks to assume maturation of the 

incorporating tissue. 

 

 
Figure (1): exposure of the axillary artery 

through infraclavicular incision 
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Figure (2): Creation of subcutaneous tunnel on 

the chest wall, then division of the axillary artery 

 

 
Figure (3): Polytetrafluroethylene (PTFE) graft 

was interpositioned in the end to end manner to 

the ends of the axillary artery after putting the 

graft in the subcutaneous tunnel 

 

 
Figure (4): the layout of the graft in the tunnel 

 

 

 Follow up 

All patients had regular follow up visits for 6 

months to assess the AAPL as regard: wound 

care, records from dialysis unit (pressure and flow 

rate) and exclude complications (infection, 

pseudoaneurysm and others) 

RESULTS 
 

20 patients underwent axillary arterio-arterial 

prosthetic loop (AAPL) as a hemodialysis access. 

13 of them were males and 7 were females with 

mean age of 50.2 years. All cases were done using 

PTFE graft under general anesthesia. Risk factors 

are given in table 1. 

 

Table (1): Risk factors in the study population 

Risk factor N (%) 

Diabetes mellitus 

Hypertension 

Coronary artery disease 

Congestive heart failure 

Cerebrovascular stroke 

Liver disease 

7 (35%) 

10 (50%) 

8 (40%) 

1 (5%) 

5 (25%) 

7 (35%) 

 

75 % of patients had history of 3 or more 

native AVF and 40 % had one or more AV graft 

as a previous permanent access. 

 

Table (2): Distribution of studied cases according 

to previous access procedures. 

Type of access Number of 

trials 

N (%) 

Native AVF 

          

 

2 

3 

4 

4 (20%) 

12 (60%) 

3 (15%) 

AV grafts 1 

2 

6 (30%) 

2 (10%) 

 

The indications for creation of AAPL included 

multi-access failure with no possibility to create 

native AVF (either at the wrist or the elbow or an 

upper limb AV graft in 17 patients (85%), while 

steal syndrome was the indication in 2 patients 

(10%) and heart failure in 1 patient (5%). 

The mean operative time was 120 minutes 

(ranging from 90 to 140 minutes). The median 

length of hospital stay after the procedure was 4 

days (ranging from 2 to 5 days). First cannulation 

of the access was performed after a median of 3 

weeks (ranging from 2.1 to 4.2 weeks). The 

perioperative mortality rate at 30 days was 5 % (1 

patient died from extensive myocardial infarction 

at the tenth postoperative day). In 13 patients the 

AAPL was performed on the left side, while in 7 

patients it was performed on the right side. We 

tried to use 8 mm PTFE graft in most of the cases 

(14 patients), while in 6 patients we used 6 mm 

graft as the axillary artery diameter was relatively 
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small. The characteristics of the procedure are 

listed in table (3). Postoperatively all patients 

received mono-antiplatlet therapy (ASA), except 

one patient who was already on vitamin K 

antagonist for cardiac reasons. 

 

 

 

Table (3): Characteristics of the procedure 

(n=20). 

Characteristics of the procedure  N (%) 

Side of the procedure  
       Left 

       Right 

 

13 (65%) 

7 (35%) 

Diameter of the graft 

       8 mm 

       6 mm 

 

14 (70%) 

6 (30%) 

Operative time (minutes) 

       Min. – Max. 

       Median 

 

90.0 – 140.0 

120.0 

 

 

Postoperative complications, management and 

outcome (table 4): 

The most commonly encountered 

complication was upper limb edema, which was 

managed conservatively and resolved after few 

weeks. Access thrombosis occurred in 3 patients 

with mild hand ischemia (one patient 25 days 

postoperatively another one after 2 months and 

the third patient had thrombosis after 4 months 

from the procedure), thrombectomy was done 

with disappearance of hand ischemia and salvage 

of the graft in 2 patients, while in the third patient 

the graft was severely lacerated with excision of a 

segment and graft ligation. Severe infection was 

encountered in one patient with secondary 

hemorrhage which necessitated graft excision and 

ligation of the axillary artery with compensated 

upper limb. One patient developed small 

lymphocele postoperatively at the infraclavicular 

incision, it was excised with no affection of the 

graft.  Table 4 summarizes the complications 

found in the study group. 

 

 

 

 

Table (4): Postoperative complications, management and outcome. 

Complication No. % Management  Outcome 

Upper limb edema 5 25 Conservative Resolved  

Graft thrombosis 3 

 

15 

 

Thrombectomy  Salvage of graft in 2 patients 

Graft ligation in 1 patient 

Graft infection 
1 5 

Excision of the graft and ligation 

of the axillary artery 
Compensated limb 

Lymphocele  1 5 Excision  No affection of the graft 

 

 

 

 

The median access flow at rest was 200 

ml/min (150–300 ml/min) at 1 month 

postoperatively, with no significant difference at 3 

and 6 months. Primary and secondary patency 

rates at 6 months were 80% and 90% respectively. 

No significant change in the peak systolic velocity 

values before the operation and during follow up. 

Figure 5 shows two of the patients after several 

months of dialysis from the graft.  

 

 

 

 

In 2 patients, interruption of blood supply to 

upper limb occurred (1 patient had graft excision 

and ligation of the axillary artery due to infection 

and in the other patient, graft thrombectomy 

failed and it was found lacerated and excised). 

Monophasic flow was found in the upper limb 

arterial tree with lower velocities compared to 

preoperative measurements. Figure 6 shows one 

of the patients with partial graft excision due to 

infection and foreign body granuloma at the 

remaining segments which was excised later (note 

the dilated chest wall collaterals secondary to 

central venous occlusion). 
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a b  

Figure (5): Two patients with functioning AAPL. 

Image (a) after 3 months from operation, image 

(b) after 5 months (note the engorged neck veins 

secondary to central venous occlusion). 

 

 
Figure (6): one of the patients with partial graft 

excision, due to infection showing foreign body 

granuloma at the remaining segments. 

 

DISCUSSION 
 

According to the K/DOQI guidelines, the use 

of native AVF as the primary vascular access is 

recommended before AVG implantation. 
(3)

 Each 

access has a limited lifetime due to intimal 

hyperplasia at the venous anastomosis and central 

venous stenosis or occlusion as a result of CVCs. 

With the increase in the population requiring 

hemodialysis, it is not uncommon to encounter 

patients with exhausted options for vascular 

access. 
(18)

 

The use of an artery as a permanent vascular 

access for HD is not a new procedure. Brittinger 

et al 
(19)

 used superficialized Superficial Femoral 

Artery for HD.  Butt and Kountz
(15) 

used bovine 

carotid artery interpositioned in the 

femeropopliteal area for HD with satisfactory 

results. The advantages of AAPL in comparison 

to native AVF and AVG are: firstly, vein is not 

essential. Secondly, distal perfusion is not 

decreased and lastly, no volume overload on the 

heart 
(17)

. In the present study, 20 AAPL 

procedures were performed in 20 patients using 

PTFE graft in all patients. On the other hand, 

autologous vein graft was used in 2 patients (10% 

of cases) in the study done by Bunger et al. 
(16)

  

The main indication for AAPL was exhausted 

access options (85% of cases), steal syndrome 

(10% of cases); shunt ligation was done after 

failure of surgical procedures to preserve the 

fistula with creation of AAPL access later on. In 

one patient (5%), heart failure with fear of more 

cardiac deterioration was the indication of AAPL. 

These were more or less the same indications in 

other studies like Bunger et al 
(16) 

and Zanow et al. 
(17)

 
Zanow et al performed 36 AAPLs as a 

vascular access for 34 patients (31 axillary and 5 

femoral). Lei et al 
(20)

 reported 18 AAPL 

procedures for 18 patients between the femoral 

artery and profunda femoris artery. Thigh AV 

access may be suitable, but it is associated with 

high infection rate ranging from 11% to 41%
(21, 

22)
. This high rate of infection together with higher 

incidence of atherosclerosis in lower limbs 

compared to upper limbs were the reasons for us 

to choose axillary arterio-arterial loop access. 
(23)

  

The perioperative mortality rate was 5% and 

this is comparable to other studies like Bunger et 

al
(16) 

and Zanow et al
(17)

.  

The initial procedures as well as graft excision 

were done under general anesthesia, while 

thrombectomy (3 procedures) were done under 

local anesthesia. Graft thrombectomy was done 

with exposure of the graft at the summit of the 

loop, proximal and distal thrombectomy using 

fogarty catheter. No distal embolization reported 

and none of the patients needed balloon 

angioplasty or stenting. Other authors like Bunger 

et al 
(16)

 reported the need for stenting after 

thrombectomy, due to the presence of neointimal 

hyperplasia in 2 patients. The explanation for this 

may be the short follow up period in the present 

study compared to other studies. Also, those 

patients who needed stenting in Bunger et al study 

reported more durable outcome compared to the 

results of angioplasty and stenting in patients with 

AV access, 
(24, 25)

 but this has to be proven in 

longer follow up studies with more patients. 
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Bunger et al 
(16)

 reported high revision rate up 

to 30% in initial cases, due to bleeding 

complications from pectoralis muscle. Later on, 

the revision rate decreased; because they paid 

special attention to meticulous hemostasis on 

exposure of the axillary artery. In the present 

study, exposure of the axillary artery from 

infraclavicular incision and creation of the tunnel 

needed meticulous dissection and proper 

hemostasis in the operative field, because of the 

presence of extensive venous collaterals on the 

chest wall secondary to central venous occlusion 

in most of the patients. 

Postoperative single antiplatelet (ASA) was 

given to 19 patients (95%), while one patient only 

received vitamin K antagonist (warfarin) for 

cardiac reasons. Although, Bunger et el reported 

the use postoperative clopidogrel for all of the 

studied cases, for fear of increased risk of 

gastrointestinal (GI) bleeding associated with use 

of ASA in uremic patients, 
(26)

 none of the patients 

in the present study developed GI bleeding during 

the follow up period. This may be due to the 

routine use of proton pump inhibitors in most of 

the patients. Dual antiplatelet therapy should be 

avoided in ESRD patients, as it has increased risk 

of bleeding.
 (27)

 

In the present study, the median access flow at 

rest was 200 ml/min (150 – 300 ml/min) at 1 

month postoperatively, with no significant 

difference at 3 and 6 months with efficient 

dialysis. Zanow et al 
(17)

 reported postoperative 

flow rate of 272 ± 61 ml/min for axillary AAPL 

and 416 ± 40 ml/min for femoral AAPL. Bunger 

et al 
(16)

 reported median access flow of 165 

ml/min. 

Using AAPL for HD needs certain 

precautions; diagram should be drawn for dialysis 

team, showing configuration of the graft and 

direction of the flow, for better graft puncture and 

efficient HD. Also, the intraluminal pressure in 

AAPL is higher than the pressure of the native 

AVF or AVG, so it needs careful puncture and 

prolonged compression at the puncture site after 

withdrawal of the needle to guard against 

pseudoaneurysm formation. 
(28)

 Dialysis team 

should be instructed not to give any medication in 

the access to avoid pain and possible 

manifestations of intra-arterial drug injection. One 

of the patients in the study group experienced 

severe pain after receiving antibiotic injection in 

the access during dialysis session, but fortunately 

there was no effect on thee distal circulation. 

 

CONCLUSION 
 

Axillary arterio-arterial prosthetic loop 

can be considered as an alternative procedure for 

hemodialysis in ESRD patients with multi-access 

failure and occlusion of central veins with 

promising early results and accepted perioperative 

morbidity and mortality, however further studies 

are necessary to demonstrate the long term 

patency rate and the late complications 

 

REFERENCES 
 

1. Clinical practice guidelines for vascular 

access. Am J Kidney       Dis 2006; 48 Suppl 

1: S176–S247. 

2. Banerjee T, Kim SJ, Astor B, et al. Vascular 

access type, inflammatory markers, and 

mortality in incident hemodialysis patients: 

The Choices for Healthy Outcomes in Caring 

for End-Stage Renal Disease (CHOICE) 

Study. Am J Kidney Dis 2014; 64:954–961. 

3. Mohamed IH, Bagul A, Doughman T, et al. 

Axillary-axillary loop graft for hemodialysis 

access. J Vasc Access. 2011; 12:262–263. 

4. National Kidney Foundation, Inc. K/DOQI 

Guidelines – Updates 2006. New York: 

National Kidney Foundation, Inc; 2001. 

Available from: 

http://www.kidney.org/PROFESSIONALS/kd

oqi/guideline_upHD_ PD_VA/index.htm. 

Accessed June 5, 2014. 

5. Stehman-Breen CO, Sherrard DJ, Gillen D, 

Caps M. Determinants of type and timing of 

initial permanent hemodialysis vascular 

access. Kidney Int. 2000;57(2):639–645. 

6. Benedetto F, Carella G, Lentini S, et al. Use of 

bovine mesenteric vein in rescue vascular 

access surgery. J Vasc Access. 

2010;11(2):112–114. 

7. Khadra MH, Dwyer AJ, Thompson JF. 

Advantages of polytetrafluoroethylene 

arteriovenous loops in the thigh for 

hemodialysis access.  Am J Surg. 1997; 

173:280–283. 

8. Salimi J. Patency rate and complications of 

vascular access grafts for hemodialysis in 

lower extremities. Saudi J Kidney Dis Transpl. 

2008; 19:929–932. 



Kasr El Aini Journal of Surgery          VOL., 19,  NO 1                  January                  2018 

 

123 

9. Bellinghieri G, Ricciardi B, Costantino G, et 

al. Exhaustion of vascular endowment in 

hemodialysis: proposal for a permanent inlet 

access.  Int J Artif Organs. 1998;21(4):201–

204. 

10. National Institute for Clinical Excellence. 

Guidance on the use of ultrasound locating 

devices for placing central venous catheters. 

Technology Appraisal Guidance No 49. 

London: National Institute for Clinical 

Excellence; 2002. Available from: 

http://www.nice.org.uk/nicemedia/ 

pdf/Ultrasound_49_guidance.pdf. Accessed 

June 5, 2014. 

11. Lamperti M, Bodenham AR, Pittiruti M, et al. 

International evidence-based 

recommendations on ultrasound-guided 

vascular access. Intensive Care Med. 

2012;38(7):1105–1117. 

12. Karakitos D, Labropoulos N, De Groot E, et 

al. Real-time ultra-sound guided 

catheterisation of the internal jugular vein: a 

prospective comparison with the landmark 

technique in critical care patients. Crit Care. 

2006;10(6): R162. 

13. Merrer J, De Jonghe B, Golliot F, et al. 

Complications of femoral and subclavian 

venous catheterization in critically ill patients. 

JAMA. 2001; 286:700–707. 

14. Dammers R, de Haan MW, Planken NR, et 

al. Central vein obstruction in hemodialysis 

patients: results of radiological and surgical 

intervention. Eur J Vasc Endovasc 

Surg 2003; 26:317–321.  

15. Butt KM, Kountz SL. A new vascular access 

for hemodialysis: the arterial jump 

graft. Surgery 1976; 79:476–479.  

16. Bunger CM, Kroger J, Kock L, et al. Axillary-

axillary interarterial chest loop conduit as an 

alternative for chronic hemodialysis access. J 

Vasc Surg 2005; 42:290–295. 

17. Zanow J, Kruger U, Petzold M, et al. 

Arterioarterial prosthetic loop: a new approach 

for hemodialysis access. J Vasc Surg. 2005; 

41:1007-1012  

18. Stephenson MA, Norris JM, Mistry H, et al. 

axillary-axillary interarterial chest loop graft 

for successful early hemodialysis access. J 

Vasc Access. 2013; 14:291-295. 

19. Brittinger WD, Strauch M, Huber W, von 

Henning GE, Twittenhoff WD, Schwarzbeck 

A, et al. Shuntless hemodialysis by means of 

puncture of the subcutaneously fixed 

superficial femoral artery. First dialysis 

experiences. Klin Wochenschr 1969; 47:824-

6. 

20. Wenhui Lei, Jiansong Ji, Jian Wang, Lie Jin, 

Hai Zou. Arterioarterial prosthetic loop as an 

alternative approach for hemodialysis. 

Medicine. 94(41):e1645 

21. Cull JD, Cull DL, Taylor SM, Carsten CG III, 

Snyder BA, Youkey JR, et al. Prosthetic thigh 

arteriovenous access: outcome with 

SVS/AAVS reporting standards. J Vasc Surg 

2004; 39:381-6. 

22. Miller CD, Robin ML, Barker J, Allon M. 

Comparison of arteriovenous grafts in the 

thigh and upper extremities in hemodialysis 

patients. J Am Soc Nephrol 2003; 14:2942-7. 

23. Harris RW, Andros G, Dulawa LB, Oblath 

RW, Salles-Cunha SX, Apyan R. Large-vessel 

arterial occlusive disease in symptomatic 

upper extremity. Arch Surg 1984; 119:1277-

82. 

24. Sprouse LR II, Lesar CJ, Meier GH III, Parent 

FN, Demasi RJ, Gayle RG, et al. Percutaneous 

treatment of symptomatic central venous 

stenosis. J Vasc Surg 2004; 39:578-82. 

25. Bates MC, Broce M, Lavigne PS, Stone P. 

Subclavian artery stenting: factors influencing 

long-term outcome. Cathet Cardiovasc Interv 

2004; 61:5-11. 

26. Livio M, Benigni A, Vigano G, Mecca G, 

Remuzzi G. Moderate doses of aspirin and 

risk of bleeding in renal failure. Lancet 1986; 

1:414-6. 

27. Kaufman JS, O’Connor TZ, Zhang JH, Cronin 

RE, Fiore LD, Ganz MB, et al. Veterans 

Affairs Cooperative Study Group on 

Hemodialysis Access Graft Thrombosis. 

Randomized controlled trial of clopidogrel 

plus aspirin to prevent hemodialysis access 

graft thrombosis. J Am Soc Nephrol 2003; 

14:2313-21. 

28. Brittinger WD. Commentary on the request of 

the editor. Surgery 1998;3:13. 

 

 




