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Abstract 
In the last decade, because of significant number of end-stage renal disease individuals in need of renal therapy replacement and permanent 
quest of nephrologist to optimize kidney disease patients’ quality of life, there is an increased interest in achieving a suitable permanent 
vascular access, essential for an efficient dialysis. Furthermore, it is of high importance to preserve arteriovenous fistula in optimal condition 
and therefore, it is vital to correctly understand the histopathology and pathophysiological mechanisms implicated in maturation and well 
function of dialysis vascular access. 
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 Introduction 

The creation of a suitable dialysis vascular access, 
“the Achilles’ heel of hemodialysis” [1], without related 
future complications, still represents an important challenge 
for physicians, even after significant steps have been made 
in solving or improving the major problems of dialyzed 
population (e.g., anemia, renal osteodystrophy) by the 
implementations of new drug lines (e.g., erythropoietin 
stimulating agents (ESA), vitamin D receptor activators 
(VDRA) or calcimimetics). 

Reviewing the literature medical data, the best and 
safest modality of dialysis initiation is the creation of a 
vascular access by performing an anastomosis between an 
artery and a vein of the arm and allowing the develop-
ment of a native arteriovenous fistula (AVF). Unfortu-
nately, this is not an ideal procedure. Over 60% of the 
patients in need for renal replacement therapy suffer a 
failure or a dysfunction in creating the arteriovenous 
fistula – and this is a situation highlighted by a recent 
study in United States, after their initiative Fistula First 
National Vascular Access Improvement Initiative, a 
program financed since 2003 to support the native vascular 
access [2–4]. 9–16% of the dialyzed patients suffers from 
arteriovenous fistula malfunctioning and complications 
after its maturation, causing inadequate dialysis, bleedings, 
steal syndrome and ischemic circulation of the distal arm, 
hemodynamic effects of high flow volume and cardiac 
overload [5, 6]. A notable proportion of end-stage renal 
disease (ESRD) patients are diagnosed as unable to offer 
the vascular capital for performing the native arterio-
venous fistula in the first place and they necessitate 

grafts or long-term catheters as chronic vascular access 
for dialysis; these solutions are time-limited and they 
carry a high potential of chronic inflammation [7, 8]. 

It is a worldwide recognized that more efforts have 
to be made for establishing algorithms and guidelines 
regarding the creation and management of the chronic 
vascular access for dialysis. Differences in failure and 
complication rates between countries and even centers are 
notable [9, 10]. Every center’s experience is valuable 
and can provide new ideas to be added at the procedures 
used today. Therefore, before attempting in performing 
a permanent vascular access, it is highly important to 
understand the histopathology of AVF and patho-
physiological mechanisms responsible for early and late 
associated failures. 

 Histopathology of arteriovenous fistula 

In the last decades, there have been important impro-
vements of hemodialyzed (HD) patients’ prognosis due 
to the possibility of vascular access development and 
performing dialysis using arteriovenous fistula (AVF). 
The burden problem of medical team is represented by 
early (within three months since the initiation moment [11, 
12]) and late complications caused by AVF per se [11, 
13–18]. According to DOQI (Disease Outcome Quality 
Initiative) recommendations, a suitable AVF presents 
the following features [11, 19]: flow >600 mL/min. and 
diameter >0.6 cm. 

Although Fistula First National Vascular Access 
Improvement Initiative [2–4, 11] recommendations are to 
create as soon as possible a vascular access in end-stage 
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renal disease (ESRD) patients, there are studies suggesting 
that the rate of AVF failure is linked to early complications 
setting, especially in individuals presenting cardiovascular 
risk factors and an unsuitable vessel bed [11, 13]. 

It was observed that in 23–46% cases, AVF early 
failure develops [11, 14–17, 20] and the pattern lesion, 
noticed also in late complications, is vascular stenosis [11, 
12, 21]. Additionally, there are still important questions 
regarding the pathophysiological mechanisms incriminated 
in AVF early failure setting [11]: 

▪ neointimal hyperplasia – caused by increased levels 
of transforming growth factor β (TGF-β), insulin-like 
growth factor or other markers of oxidative stress [22, 23]; 

▪ significant vascular remodeling – induced by the 
presence of SMA+ve, vimentin+ve, desmin-ve myo-
fibroblast [24] or abnormal changes of smooth muscle 
and endothelial cells [22, 24]. 

Furthermore, as different clinical and experimental 
trials concluded [11, 25–32], there is a clear association 
among blood stream, shear stress (frictional force exerted 
by blood on the vessel wall [11, 33]), transmural pressure 
[11, 34–36] and intimal thickening with direct impact 
on AVF failure development. 

Summarizing, during AVF maturation period several 
mechanisms are involved [11]: elevated blood flow 
inducing increased shear stress on vessel wall, exacer-
bation of oxidative stress with direct impact on arterial and 
venous dilatation and high pressure of venous segment. 

Therefore, for an adequate AVF, besides understanding 
pathophysiological mechanisms, it is also important to 
emphasize the possible risk factors incriminated in early 
or late vascular access failure [11]: older age, Caucasian 
race, female gender [37, 38]; diabetes mellitus and/or 
cardiovascular diseases [37, 38]; poor vessel quality – 
unsuitable preoperative venous distensibility or small-
sized vessels (<1.6 mm for arterial diameter, <2.5 mm 
for veins) [39, 40]; genetic predisposition – the presence 
of increased methylene tetrahydrofolate reductase [41], 
TGF-β [42] and heme oxygenase-1 gene products [43]; 
abnormal hemodynamic profiles – imbalance between 
vascular dilatation and constriction (impaired shear stress 
and increased vessel constriction) [44–46], direct injuries 
caused by surgery per se [47–49] and also dialysis needles 
[50, 51], elevated proinflammatory markers (TGF-β, 
insulin-like growth factor, ICAM-1 – intercellular adhesion 
molecule-1 and MMP-9 – matrix metallopeptidase-9) [22, 
52], and vascular remodeling and repair (endothelial 
dysfunction of HD patients) [53–63]. 

 Types of native arteriovenous fistula, 
complications and treatment 

After more than 50 years of practice, a pattern has 
been made to summarize the order of preference regarding 
the place and the technique for creating the native 
arteriovenous fistula [64–66]: 

1. Radial-cephalic anastomosis at level 0, I or II – as 
previously presented, although radiocephalic AVF (snuff-
box, Cimino–Brescia fistula or upper forearm AVF) 
represents the initial choice when creating a permanent 
vascular access [67–69], the incidence of early compli-
cations is still significant [70–73], mostly due to a 

preexisting atherosclerosis condition of radial artery 
translated as important intimal hyperplasia [71, 74, 75]. 

2. Brachial-cephalic transposition – usually, this type 
of AVF is performed in special conditions: elderly indi-
viduals presenting atherosclerotic lesions, diabetes mellitus, 
severe malnutrition, after the radio-cephalic fistula is 
compromised. According to international literature, steal 
syndrome and heart failure are responsible for AVF 
failure in this group of patients [76]. 

3. Brachial-basilic transposition – this type of vascular 
access must remain as an exception, reserved for difficult 
cases in which all the attempts to create a native fistula 
failed or they suffered occlusions/stenosis, or for patients 
in which the distal vascular capital is compromised from 
the beginning. 

Summarizing, there is a milieu of AVF associated 
complications with direct impact on long-term prognosis 
of HD patients [77]: stenosis at the proximal venous 
limb (48%); thrombosis (9%); aneurysms (7%) [65]; 
infections; steal syndrome – caused by diabetes mellitus 
± hypertension, hyperlipidemia or smoking history [78–
84]; use of brachial artery [85, 86]; elderly population 
(age >60 years) [85]; female gender (67% incidence) [82, 
86]; lupus [82]); hematoma; skin rash; red hand syndrome. 

There have been several attempts to establish a correct 
therapy management in case of AVF complications setting: 

▪ the use of systemic agents, but with controversial 
results and mechanisms not entirely understood (e.g., 
dipyridamole, fish oil, renin–angiotensin–aldosterone 
system blockers, Plavix, sirolimus, rosiglitazone) [87–97]; 

▪ experimental treatments – endothelial cell infusion 
[98,99], antiproliferative drugs [100]; 

▪ surgical interventions [101]: open surgery, surgical 
ligation (with poor results due to edema, thickening of the 
skin and high risk of bleeding), percutaneous endovascular 
intervention [102]. 

Although there is a wide range of treatment options 
for AVF failure resolution, prophylaxis is essential not 
only for preventing, but also for choosing the suitable 
anatomical segment for performing a vascular access. 
As previous trials have indicated B-mode high-resolution 
ultrasonography (using a 12.5 MHz transducer) may 
provide useful information and detect abnormal features 
of patients’ vessels [103–108]. 

 Conclusions and future perspectives 

Particular in Romania, as in all the countries without 
a high-developed renal transplant system, the importance 
of a stable and reliable chronic vascular access must be 
the key point of the management of the ESRD patient. 
Achieving an early-particularized vascular access for 
each patient in need of renal replacement therapy is the 
adequate solution for a better control of this pathology 
and prevention of AVF early and late complications. For 
this reason, an adequate AVF can be considered “the 
Achilles’ heel of hemodialysis” and a multidisciplinary 
approach is essential for creating and maintaining vascular 
access in optimal parameters. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 



An overview of permanent vascular access in hemodialyzed patients 

 

29

Acknowledgments 
This paper is supported by the Sectoral Operational 

Programme Human Resources Development (SOP HRD), 
financed from the European Social Fund and by the 
Romanian Government under the contract number 
POSDRU/159/1.5/S/137390. 

References 
[1] Ethier J, Mendelssohn DC, Elder SJ, Hasegawa T, Akizawa T, 

Akiba T, Canaud BJ, Pisoni RL. Vascular access use and 
outcomes: an international perspective from the Dialysis 
Outcomes and Practice Patterns Study. Nephrol Dial Trans-
plant, 2008, 23(10):3219–3226. 

[2] Lok CE. Fistula first initiative: advantages and pitfalls. Clin J 
Am Soc Nephrol, 2007, 2(5):1043–1053. 

[3] ***. AVF: The first choice for hemodialysis. Arteriovenous 
Fistula First Breakthrough Initiative, Centers for Medicare 
and Medicaid Services (CMS), Department of Health and 
Human Services (DHHS), 2009, http://www.fistulafirst.org, 
accessed July 2014. 

[4] ***. Fistula First Dashboard. http://www.fistulafirst.org/About 
FistulaFirst/FFBIdata.aspx, accessed July 2014. 

[5] Dorobanţu LF, Ştiru O, Bulescu C, Bubenek Ş, Iliescu VA. 
Chapter 30: Complications of autogenous arteriovenous 
fistulas. In: Suzuki H (ed), Hemodialysis, InTech, 2013, 621–
634. 

[6] Van Tricht I, De Wachter D, Tordoir J, Verdonck P. Hemo-
dynamics and complications encountered with arteriovenous 
fistulas and grafts as vascular access for hemodialysis: a 
review. Ann Biomed Eng, 2005, 33(9):1142–1157. 

[7] Schild AF, Perez E, Gillaspie E, Seaver C, Livingstone J, 
Thibonnier A. Arteriovenous fistulae vs arteriovenous grafts: 
a retrospective review of 1,700 consecutive vascular access 
cases. J Vasc Access, 2008, 9(4):231–235. 

[8] Huber TS, Carter JW, Carter RL, Seeger JM. Patency of 
autogenous and polytetrafluoroethylene upper extremity 
arteriovenous hemodialysis accesses: a systematic review. 
J Vasc Surg, 2003, 38(5):1005–1011. 

[9] Huijbregts HJ, Bots ML, Moll FL, Blankestijn PJ; CIMINO 
members. Hospital specific aspects predominantly determine 
primary failure of hemodialysis arteriovenous fistulas. J Vasc 
Surg, 2007, 45(5):962–967. 

[10] Schinstock CA, Albright RC, Williams AW, Dillon JJ, 
Bergstralh EJ, Jenson BM, McCarthy JT, Nath KA. Outcomes 
of arteriovenous fistula creation after the Fistula First Initiative. 
Clin J Am Soc Nephrol, 2011, 6(8):1996–2002. 

[11] Roy-Chaudhury P, Spergel LM, Besarab A, Asif A, Ravani P. 
Biology of arteriovenous fistula failure. J Nephrol, 2007, 20(2): 
150–163. 

[12] Beathard GA, Arnold P, Jackson J, Litchfield T; Physician 
Operators Forum of RMS Lifeline. Aggressive treatment of 
early fistula failure. Kidney Int, 2003, 64(4):1487–1494. 

[13] Patel ST, Hughes J, Mills JL Sr. Failure of arteriovenous 
fistula maturation: an unintended consequence of exceeding 
Dialysis Outcome Quality Initiative guidelines for hemodialysis 
access. J Vasc Surg, 2003, 38(3):439–445. 

[14] Tordoir JH, Rooyens P, Dammers R, van der Sande FM, de 
Haan M, Yo TI. Prospective evaluation of failure modes in 
autogenous radiocephalic wrist access for haemodialysis. 
Nephrol Dial Transplant, 2003, 18(2):378–383. 

[15] Allon M, Robbin ML. Increasing arteriovenous fistulas in 
hemodialysis patients: problems and solutions. Kidney Int, 
2002, 62(4):1109–1124. 

[16] Dixon BS, Novak L, Fangman J. Hemodialysis vascular 
access survival: upper-arm native arteriovenous fistula. Am 
J Kidney Dis, 2002, 39(1):92–101. 

[17] Oliver MJ, McCann RL, Indridason OS, Butterly DW, Schwab SJ. 
Comparison of transposed brachiobasilic fistulas to upper 
arm grafts and brachiocephalic fistulas. Kidney Int, 2001, 
60(4):1532–1539. 

[18] Rooijens PP, Burgmans JP, Yo TI, Hop WC, de Smet AA, 
van den Dorpel MA, Fritschy WM, de Groot HG, Burger H, 
Tordoir JH. Autogenous radial-cephalic or prosthetic brachial-
antecubital forearm loop AVF in patients with compromised 
vessels? A randomized, multicenter study of the patency of 

primary hemodialysis access. J Vasc Surg, 2005, 42(3):481–
486; discussions 487. 

[19] ***. Clinical practice guidelines for vascular access. National 
Kidney Foundation (NKF), Kidney Disease Outcomes Quality 
Initiative (KDOQI), Am J Kidney Dis, 2006, 48(Suppl 1):S176–
S247. 

[20] Falk A. Maintenance and salvage of arteriovenous fistulas. 
J Vasc Interv Radiol, 2006, 17(5):807–813. 

[21] Nassar GM, Nguyen B, Rhee E, Achkar K. Endovascular 
treatment of the “failing to mature” arteriovenous fistula. Clin 
J Am Soc Nephrol, 2006, 1(2):275–280. 

[22] Stracke S, Konner K, Köstlin I, Friedl R, Jehle PM, Hombach V, 
Keller F, Waltenberger J. Increased expression of TGF-beta1 
and IGF-I in inflammatory stenotic lesions of hemodialysis 
fistulas. Kidney Int, 2002, 61(3):1011–1019. 

[23] Weiss MF, Scivittaro V, Anderson JM. Oxidative stress and 
increased expression of growth factors in lesions of failed 
hemodialysis access. Am J Kidney Dis, 2001, 37(5):970–980. 

[24] Roy-Chaudhury P, Zhang J, Krishnamoorthy M, Wang Y, 
Banerjee R, Tevar A, Heffelfinger S, Munda R. Cellular 
phenotypes in dialysis access stenosis: myofibroblasts, 
fibroblasts and contractile smooth muscle cells. J Am Soc 
Nephrol, 2006, 17:75A. 

[25] Glagov S, Zarins C, Giddens DP, Ku DN. Hemodynamics 
and atherosclerosis. Insights and perspectives gained from 
studies of human arteries. Arch Pathol Lab Med, 1988, 
112(10):1018–1031. 

[26] Mattsson EJ, Kohler TR, Vergel SM, Clowes AW. Increased 
blood flow induces regression of intimal hyperplasia. Arterio-
scler Thromb Vasc Biol, 1997, 17(10):2245–2249. 

[27] Guzman RJ, Abe K, Zarins CK. Flow-induced arterial enlar-
gement is inhibited by suppression of nitric oxide synthase 
activity in vivo. Surgery, 1997, 122(2):273–279; discussion 
279–280. 

[28] Keren G. Compensatory enlargement, remodeling, and re-
stenosis. Adv Exp Med Biol, 1997, 430:187–196. 

[29] Meyerson SL, Skelly CL, Curi MA, Shakur UM, Vosicky JE, 
Glagov S, Schwartz LB, Christen T, Gabbiani G. The effects 
of extremely low shear stress on cellular proliferation and 
neointimal thickening in the failing bypass graft. J Vasc Surg, 
2001, 34(1):90–97. 

[30] Honda HM, Hsiai T, Wortham CM, Chen M, Lin H, Navab M, 
Demer LL. A complex flow pattern of low shear stress and 
flow reversal promotes monocyte binding to endothelial cells. 
Atherosclerosis, 2001, 158(2):385–390. 

[31] Dardik A, Chen L, Frattini J, Asada H, Aziz F, Kudo FA, 
Sumpio BE. Differential effects of orbital and laminar shear 
stress on endothelial cells. J Vasc Surg, 2005, 41(5):869–880. 

[32] Gambillara V, Montorzi G, Haziza-Pigeon C, Stergiopulos N, 
Silacci P. Arterial wall response to ex vivo exposure to 
oscillatory shear stress. J Vasc Res, 2005, 42(6):535–544. 

[33] Paszkowiak JJ, Dardik A. Arterial wall shear stress: obser-
vations from the bench to the bedside. Vasc Endovascular 
Surg, 2003, 37(1):47–57. 

[34] Hayashi K, Mori K, Miyazaki H. Biomechanical response of 
femoral vein to chronic elevation of blood pressure in rabbits. 
Am J Physiol Heart Circ Physiol, 2003, 284(2):H511–H518. 

[35] Lehoux S, Castier Y, Tedgui A. Molecular mechanisms of the 
vascular responses to haemodynamic forces. J Intern Med, 
2006, 259(4):381–392. 

[36] Lehoux S, Lemarié CA, Esposito B, Lijnen HR, Tedgui A. 
Pressure-induced matrix metalloproteinase-9 contributes to 
early hypertensive remodeling. Circulation, 2004, 109(8):1041–
1047. 

[37] Miller PE, Tolwani A, Luscy CP, Deierhoi MH, Bailey R, 
Redden DT, Allon M. Predictors of adequacy of arteriovenous 
fistulas in hemodialysis patients. Kidney Int, 1999, 56(1): 
275–280. 

[38] Lok CE, Allon M, Moist L, Oliver MJ, Shah H, Zimmerman D. 
Risk equation determining unsuccessful cannulation events 
and failure to maturation in arteriovenous fistulas (REDUCE 
FTM I). J Am Soc Nephrol, 2006, 17(11):3204–3212. 

[39] van der Linden J, Lameris TW, van den Meiracker AH, de 
Smet AA, Blankestijn PJ, van den Dorpel MA. Forearm venous 
distensibility predicts successful arteriovenous fistula. Am J 
Kidney Dis, 2006, 47(6):1013–1019. 

[40] Dixon BS. Why don’t fistulas mature? Kidney Int, 2006, 70(8): 
1413–1422. 



Ionel Alexandru Checheriţă et al. 

 

30 

[41] Fukasawa M, Matsushita K, Kamiyama M, Mikami Y, Araki I, 
Yamagata Z, Takeda M. The methylentetrahydrofolate 
reductase C677T point mutation is a risk factor for vascular 
access thrombosis in hemodialysis patients. Am J Kidney Dis, 
2003, 41(3):637–642. 

[42] Heine GH, Ulrich C, Sester U, Sester M, Köhler H, Girndt M. 
Transforming growth factor beta1 genotype polymorphisms 
determine AV fistula patency in hemodialysis patients. Kidney 
Int, 2003, 64(3):1101–1107. 

[43] Lin CC, Yang WC, Lin SJ, Chen TW, Lee WS, Chang CF, 
Lee PC, Lee SD, Su TS, Fann CS, Chung MY. Length 
polymorphism in heme oxygenase-1 is associated with arterio-
venous fistula patency in hemodialysis patients. Kidney Int, 
2006, 69(1):165–172. 

[44] Krishnamoorthy M, Wang Y, Zhang J, Sinha Roy A, Khoury S, 
Desai P, Banerjee R, Roy-Chaudhury P. Altering hemo-
dynamics through computer modeling of AV fistula configu-
ration: opportunities for reducing AV fistula failure. J Am Soc 
Nephrol, 2006, 17:74A. 

[45] Longest PW, Kleinstreuer C, Andreotti PJ. Computational 
analyses and design improvements of graft-to-vein anasto-
moses. Crit Rev Biomed Eng, 2000, 28(1–2):141–147. 

[46] Longest PW, Kleinstreuer C. Computational haemodynamics 
analysis and comparison study of arterio-venous grafts. J Med 
Eng Technol, 2000, 24(3):102–110. 

[47] Konner K. The initial creation of native arteriovenous fistulas: 
surgical aspects and their impact on the practice of nephro-
logy. Semin Dial, 2003, 16(4):291–298. 

[48] Konner K. The anastomosis of the arteriovenous fistula – 
common errors and their avoidance. Nephrol Dial Transplant, 
2002, 17(3):376–379. 

[49] Konner K, Nonnast-Daniel B, Ritz E. The arteriovenous 
fistula. J Am Soc Nephrol, 2003, 14(6):1669–1680. 

[50] Lee T, Barker J, Allon M. Needle infiltration of arteriovenous 
fistulae in hemodialysis: risk factors and consequences. Am 
J Kidney Dis, 2006, 47(6):1020–1026. 

[51] Unnikrishnan S, Huynh TN, Brott BC, Ito Y, Cheng CH,  
Shih AM, Allon M, Anayiotos AS. Turbulent flow evaluation 
of the venous needle during hemodialysis. J Biomech Eng, 
2005, 127(7):1141–1146. 

[52] Chang CJ, Ko PJ, Hsu LA, Ko YS, Ko YL, Chen CF, Huang CC, 
Hsu TS, Lee YS, Pang JH. Highly increased cell proliferation 
activity in the restenotic hemodialysis vascular access  
after percutaneous transluminal angioplasty: implication in 
prevention of restenosis. Am J Kidney Dis, 2004, 43(1):74–
84. 

[53] Joannides R, Bakkali EH, Le Roy F, Rivault O, Godin M, 
Moore N, Fillastre JP, Thuillez C. Altered flow-dependent 
vasodilatation of conduit arteries in maintenance haemo-
dialysis. Nephrol Dial Transplant, 1997, 12(12):2623–2628. 

[54] Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM. The 
elephant in uremia: oxidant stress as a unifying concept of 
cardiovascular disease in uremia. Kidney Int, 2002, 62(5): 
1524–1538. 

[55] Handelman GJ, Walter MF, Adhikarla R, Gross J, Dallal GE, 
Levin NW, Blumberg JB. Elevated plasma F2-isoprostanes 
in patients on long-term hemodialysis. Kidney Int, 2001, 59(5): 
1960–1966. 

[56] Vallance P, Leone A, Calver A, Collier J, Moncada S. Accu-
mulation of an endogenous inhibitor of nitric oxide synthesis 
in chronic renal failure. Lancet, 1992, 339(8793):572–575. 

[57] Kielstein JT, Zoccali C. Asymmetric dimethylarginine: a cardio-
vascular risk factor and a uremic toxin coming of age? Am J 
Kidney Dis, 2005, 46(2):186–202. 

[58] Zoccali C, Benedetto FA, Maas R, Mallamaci F, Tripepi G, 
Malatino LS, Böger R; CREED Investigators. Asymmetric 
dimethylarginine, C-reactive protein, and carotid intima-media 
thickness in end-stage renal disease. J Am Soc Nephrol, 
2002, 13(2):490–496. 

[59] Choi JH, Kim KL, Huh W, Kim B, Byun J, Suh W, Sung J, 
Jeon ES, Oh HY, Kim DK. Decreased number and impaired 
angiogenic function of endothelial progenitor cells in patients 
with chronic renal failure. Arterioscler Thromb Vasc Biol, 2004, 
24(7):1246–1252. 

[60] Eizawa T, Murakami Y, Matsui K, Takahashi M, Muroi K, 
Amemiya M, Takano R, Kusano E, Shimada K, Ikeda U. 
Circulating endothelial progenitor cells are reduced in hemo-
dialysis patients. Curr Med Res Opin, 2003, 19(7):627–633. 

[61] Tepel M, van der Giet M, Statz M, Jankowski J, Zidek W. The 
antioxidant acetylcysteine reduces cardiovascular events in 
patients with end-stage renal failure: a randomized, controlled 
trial. Circulation, 2003, 107(7):992–995. 

[62] Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, 
Knecht A, Weissgarten Y, Brunner D, Fainaru M, Green MS. 
Secondary prevention with antioxidants of cardiovascular 
disease in endstage renal disease (SPACE): randomized 
placebo-controlled trial. Lancet, 2000, 356(9237):1213–1218. 

[63] Lonn E, Bosch J, Yusuf S, Sheridan P, Pogue J, Arnold JM, 
Ross C, Arnold A, Sleight P, Probstfield J, Dagenais GR; 
HOPE and HOPE-TOO Trial Investigators. Effects of long-
term vitamin E supplementation on cardiovascular events and 
cancer: a randomized controlled trial. JAMA, 2005, 293(11): 
1338–1347. 

[64] Beathard G. A practitioner’s resource guide to hemodialysis 
arteriovenous fistulas. The End Stage Renal Disease Network 
of Texas, Dallas, www.esrdnet15.org/QI/C5E.pdf, accessed 
July 2014. 

[65] Parker FM, Stoner MC, Haish CE. Access and ports. In: 
Townsend CM Jr, Beauchamp RD, Evers BM, Mattox KL (eds), 
Textbook of surgery: the biological basis of modern surgical 
practice, Saunders–Elsevier, Philadelphia, 2008, 2029–2043. 

[66] Beathard GA. Creating an arteriovenous fistula for hemo-
dialysis. UpToDate, 2014, http://www.uptodate.com/contents/ 
creating-an-arteriovenous-fistula-for-hemodialysis. 

[67] Fan PY, Schwab SJ. Vascular access: concepts for the 1990s. 
J Am Soc Nephrol, 1992, 3(1):1–11. 

[68] Kherlakian GM, Roedersheimer LR, Arbaugh JJ, Newmark KJ, 
King LR. Comparison of autogenous fistula versus expanded 
polytetrafluoroethylene graft fistula for angioaccess in hemo-
dialysis. Am J Surg, 1986, 152(2):238–243. 

[69] ***. III. NKF-K/DOQI, Clinical Practice Guidelines for Vascular 
Access: update 2000. Am J Kidney Dis, 2001, 37(1 Suppl 1): 
S137–S181. 

[70] Kim YO, Yang CW, Yoon SA, Chun KA, Kim NI, Park JS, 
Kim BS, Kim YS, Chang YS, Bang BK. Access blood flow 
as a predictor of early failures of native arteriovenous fistulas 
in hemodialysis patients. Am J Nephrol, 2001, 21(3):221–225. 

[71] Wong V, Ward R, Taylor J, Selvakumar S, How TV, Bakran A. 
Factors associated with early failure of arteriovenous fistulae 
for haemodialysis access. Eur J Vasc Endovasc Surg, 1996, 
12(2):207–213. 

[72] Palder SB, Kirkman RL, Whittemore AD, Hakim RM, Lazarus JM, 
Tilney NL. Vascular access for hemodialysis. Patency rates 
and results of revision. Ann Surg, 1985, 202(2):235–239. 

[73] Silva MB Jr, Hobson RW 2nd, Pappas PJ, Jamil Z, Araki 
CT, Goldberg MC, Gwertzman G, Padberg FT Jr. A strategy 
for increasing use of autogenous hemodialysis access 
procedures: impact of preoperative noninvasive evaluation. 
J Vasc Surg, 1998, 27(2):302–307; discussion 307–308. 

[74] Haimov M. Vascular access for hemodialysis. Surg Gynecol 
Obstet, 1975, 141(4):619–625. 

[75] Kim YO, Song HC, Yoon SA, Yang CW, Kim NI, Choi YJ, 
Lee EJ, Kim WY, Chang YS, Bang BK. Preexisting intimal 
hyperplasia of radial artery is associated with early failure of 
radiocephalic arteriovenous fistula in hemodialysis patients. 
Am J Kidney Dis, 2003, 41(2):422–428. 

[76] Santoro D, Benedetto F, Mondello P, Pipitò N, Barillà D, 
Spinelli F, Ricciardi CA, Cernaro V, Buemi M. Vascular 
access for hemodialysis: current perspectives. Int J Nephrol 
Renovasc Dis, 2014, 7:281–294. 

[77] Bachleda P, Utikal P, Kojecky Z, Drac P, Köcher M, Cerna M, 
Zadrazil J. Autogenous arteriovenous elbow fistula for 
haemodialysis and upper extremity ischemia. Biomed Pap 
Med Fac Univ Palacky Olomouc Czech Repub, 2007, 151(1): 
129–132. 

[78] Ascher E, Gade P, Hingorani A, Mazzariol F, Gunduz Y, 
Fodera M, Yorkovich W. Changes in the practice of angio-
access surgery: impact of dialysis outcome and quality 
initiative recommendations. J Vasc Surg, 2000, 31(1 Pt 1): 
84–92. 

[79] Fitzgerald JT, Schanzer A, Chin AI, McVicar JP, Perez RV, 
Troppmann C. Outcomes of upper arm arteriovenous fistulas 



An overview of permanent vascular access in hemodialyzed patients 

 

31

for maintenance hemodialysis access. Arch Surg, 2004, 
139(2):201–208. 

[80] van Hoek F, Scheltinga MR, Kouwenberg I, Moret KEM, 
Beerenhout CH, Tordoir JHM. Steal in hemodialysis patients 
depends on type of vascular access. Eur J Vasc Endovasc 
Surg, 2006, 32(6):710–717. 

[81] Knox RC, Berman SS, Hughes JD, Gentile AT, Mills JL. 
Distal revascularization–interval ligation: a durable and 
effective treatment for ischemic steal syndrome after hemo-
dialysis access. J Vasc Surg, 2002, 36(2):250–256. 

[82] Morsy AH, Kulbaski M, Chen C, Isiklar H, Lumsden AB. 
Incidence and characteristics of patients with hand ischemia 
after a hemodialysis access procedure. J Surg Res, 1998, 
74(1):8–10. 

[83] Yeager RA, Moneta GL, Edwards JM, Landry GJ, Taylor LM 
Jr, McConnell DB, Porter JM. Relationship of hemodialysis 
access to finger gangrene in patients with end-stage renal 
disease. J Vasc Surg, 2002, 36(2):245–249; discussion 249. 

[84] Sessa C, Pecher M, Maurizi-Balzan J, Pichot O, Tonti F, 
Farah I, Magne JL, Guidicelli H. Critical hand ischemia after 
angioaccess surgery: diagnosis and treatment. Ann Vasc 
Surg, 2000, 14(6):583–593. 

[85] Wixon CL, Hughes JD, Mills JL. Understanding strategies 
for the treatment of ischemic steal syndrome after hemo-
dialysis access. J Am Coll Surg, 2000, 191(3):301–310. 

[86] Tynan-Cuisinier GS, Berman SS. Strategies for predicting 
and treating access induced ischemic steal syndrome. Eur J 
Vasc Endovasc Surg, 2006, 32(3):309–315. 

[87] Diskin CJ, Stokes TJ Jr, Pennell AT. Pharmacologic inter-
vention to prevent hemodialysis vascular access thrombosis. 
Nephron, 1993, 64(1):1–26. 

[88] Sreedhara R, Himmelfarb J, Lazarus JM, Hakim RM. Anti-
platelet therapy in graft thrombosis: results of a prospective, 
randomized, double-blind study. Kidney Int, 1994, 45(5):1477–
1483. 

[89] Schmitz PG, McCloud LK, Reikes ST, Leonard CL, Gellens ME. 
Prophylaxis of hemodialysis graft thrombosis with fish oil: 
double-blind, randomized, prospective trial. J Am Soc Nephrol, 
2002, 13(1):184–190. 

[90] Gradzki R, Dhingra RK, Port FK, Roys E, Weitzel WF, 
Messana JM. Use of ACE inhibitors is associated with 
prolonged survival of arteriovenous grafts. Am J Kidney Dis, 
2001, 38(6):1240–1244. 

[91] Dember LM, Kaufman JS, Beck GJ, Dixon BS, Gassman JJ, 
Greene T, Himmelfarb J, Hunsicker LG, Kusek JW, Lawson JH, 
Middleton JP, Radeva M, Schwab SJ, Whiting JF, Feldman HI; 
DAC Study Group. Design of the Dialysis Access Consortium 
(DAC) Clopidogrel Prevention of Early AV Fistula Thrombosis 
Trial. Clin Trials, 2005, 2(5):413–422. 

[92] Gallo R, Padurean A, Jayaraman T, Marx S, Roque M, 
Adelman S, Chesebro J, Fallon J, Fuster V, Marks A, 
Badimon JJ. Inhibition of intimal thickening after balloon 
angioplasty in porcine coronary arteries by targeting regulators 
of the cell cycle. Circulation, 1999, 99(16):2164–2170. 

[93] Murthy SN, Obregon DF, Chattergoon NN, Fonseca NA, 
Mondal D, Dunne JB, Diez JG, Jeter JR Jr, Kadowitz PJ, 
Agrawal KC, McNamara DB, Fonseca VA. Rosiglitazone 
reduces serum homocysteine levels, smooth muscle proli-
feration, and intimal hyperplasia in Sprague-Dawley rats fed 
a high methionine diet. Metabolism, 2005, 54(5):645–652. 

[94] Wang CH, Ciliberti N, Li SH, Szmitko PE, Weisel RD, Fedak PW, 
Al-Omran M, Cherng WJ, Li RK, Stanford WL, Verma S. 
Rosiglitazone facilitates angiogenic progenitor cell different-
iation toward endothelial lineage: a new paradigm in glita-
zone pleiotropy. Circulation, 2004, 109(11):1392–1400. 

[95] Fukuda D, Sata M, Tanaka K, Nagai R. Potent inhibitory 
effect of sirolimus on circulating vascular progenitor cells. 
Circulation, 2005, 111(7):926–931. 

[96] Hausleiter J, Kastrati A, Mehilli J, Vogeser M, Zohlnhöfer D, 
Schühlen H, Goos C, Pache J, Dotzer F, Pogatsa-Murray G, 
Dirschinger J, Heemann U, Schömig A; OSIRIS Investigators. 
Randomized, double-blind, placebo-controlled trial of oral 
sirolimus for restenosis prevention in patients with in-stent 
restenosis: the Oral Sirolimus to Inhibit Recurrent In-stent 
Stenosis (OSIRIS) trial. Circulation, 2004, 110(7):790–795. 

[97] Takagi T, Yamamuro A, Tamita K, Katayama M, Morioka S. 
Thiazolidinedione treatment attenuates diffuse neointimal 
hyperplasia in restenotic lesions after coronary stent 
implantation in type 2 diabetic patients: an intravascular 
ultrasound study. J Cardiol, 2005, 45(4):139–147. 

[98] Nugent HM, Groothuis A, Seifert P, Guerraro JL, Nedelman M, 
Mohanakumar T, Edelman ER. Perivascular endothelial 
implants inhibit intimal hyperplasia in a model of arteriovenous 
fistulae: a safety and efficacy study in the pig. J Vasc Res, 
2002, 39(6):524–533. 

[99] Nugent HM, Rogers C, Edelman ER. Endothelial implants 
inhibit intimal hyperplasia after porcine angioplasty. Circ Res, 
1999, 84(4):384–391. 

[100] Kelly B, Melhem M, Zhang J, Kasting G, Li J, Krishnamoorthy M, 
Heffelfinger S, Rudich S, Desai P, Roy-Chaudhury P. Peri-
vascular paclitaxel wraps block arteriovenous graft stenosis 
in a pig model. Nephrol Dial Transplant, 2006, 21(9):2425–
2431. 

[101] Lomonte C, Petronelli S, Antonelli M, Prudenzano R, 
Giammaria B, Marchio G, Losurdo N, Basile C. Embolization 
of haemodialysis arteriovenous fistulas complicated by venous 
hypertension: a feasibility study. Nephrol Dial Transplant, 
2005, 20(1):199–202. 

[102] Aytekin C, Boyvat F, Yağmurdur MC, Moray G, Haberal M. 
Endovascular stent placement in the treatment of upper 
extremity central venous obstruction in hemodialysis patients. 
Eur J Radiol, 2004, 49(1): 81–85. 

[103] Ku YM, Kim YO, Kim JI, Choi YJ, Yoon SA, Kim YS, Song SW, 
Yang CW, Kim YS, Chang YS, Bang BK. Ultrasonographic 
measurement of intima-media thickness of radial artery in 
pre-dialysis uraemic patients: comparison with histological 
examination. Nephrol Dial Transplant, 2006, 21(3):715–720. 

[104] Aminbakhsh A, Mancini GB. Carotid intima-media thickness 
measurements: what defines an abnormality? A systematic 
review. Clin Invest Med, 1999, 22(4):149–157. 

[105] Benedetto FA, Mallamaci F, Tripepi G, Zoccali C. Prognostic 
value of ultrasonographic measurement of carotid intima 
media thickness in dialysis patients. J Am Soc Nephrol, 
2001, 12(11):2458–2464. 

[106] Tang R, Hennig M, Thomasson B, Scherz R, Ravinetto R, 
Catalini R, Rubba P, Zanchetti A, Bond MG. Baseline 
reproducibility of B-mode ultrasonic measurement of carotid 
artery intima-media thickness: the European Lacidipine Study 
on Atherosclerosis (ELSA). J Hypertens, 2000, 18(2):197–
201. 

[107] Salonen JT, Korpela H, Salonen R, Nyyssönen K. Precision 
and reproducibility of ultrasonographic measurement of 
progression of common carotid artery atherosclerosis. Lancet, 
1993, 341(8853):1158–1159. 

[108] Selzer RH, Hodis HN, Kwong-Fu H, Mack WJ, Lee PL, Liu CR, 
Liu CH. Evaluation of computerized edge tracking for 
quantifying intima-media thickness of the common carotid 
artery from B-mode ultrasound images. Atherosclerosis, 
1994, 111(1):1–11. 

 
 
 
 
Corresponding author 
Cătălin Pricop, Assistant Professor, MD, PhD, Department of Urology, “Grigore T. Popa” University of Medicine and 
Pharmacy, 16 Universităţii Street, 700115 Iassy, Romania; Phone +40232–211 818, e-mail: bobopricop@yahoo.com, 
fizij@yahoo.com 
 
 

Received: October 12, 2014     Accepted: February 15, 2015 


