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 Introduction 

 A shift in the treatment of hemodialysis (HD) patients 
occurred when James E. Cimino noted that arteriove-
nous fistulas (AVFs) caused by trauma in Korean war vet-
erans did not have significant effects on their health. This 
led to his proposal that AVFs would be an ideal solution 
for easy access to the circulation in patients on HD  [1–3] .

  Since the Centers for Medicare & Medicaid Services 
recognized the clinical and economic advantages of 
AVFs, the National Kidney Foundation’s Kidney Disease 
Outcomes Quality Initiative (KDOQI) and the Fistula 
First Initiative have made increasing the prevalence of 
AVFs a priority  [4] . Several studies indicate that about 
30% of hospitalizations are caused by the construction 
and complications of vascular access  [5] . The annual cost 
of maintaining vascular access is around USD 600 for 
AVFs up to as much as USD 5,000 for arteriovenous grafts 
(AVGs). High costs of implementation and maintenance 
of vascular access may arise from occasional diagnostic 
procedures, which further increase the annual costs of 
USD 1,020 for AVFs and USD 1,610 for AVGs, which rep-
resent 14–20% of total health care costs for dialysis pa-
tients  [4–8] . Nevertheless, timely formation of AVFs re-
duced the mortality rate by 1.72 times  [6] .

  The quality of vascular access for HD should be suit-
able for repeated puncture and allow a fast blood flow rate 
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 The aim of this review was to highlight the most important 

complications of arteriovenous fistulas (AVFs) for hemodialy-

sis (HD). The quality of vascular access for HD should be suit-

able for repeated puncture and allow a high blood flow rate 

for high-efficiency dialysis with minimal complications. The 

dialysis staff must be well versed in manipulation of the AVF, 

and there should be a minimal need for corrective interven-

tions. Construction of an AVF creates conditions for increas-

ing the flow of blood through the venous system. Fulfillment 

of these conditions reduces the risk of turbulence and endo-

thelium injury, which, in turn, minimizes the potential for

stenosis. An AVF is closest to the ideal model of vascular ac-

cess. The most important complications of fistulae for HD

are lymphedema, infection, aneurysm, stenosis, congestive 

heart failure, steal syndrome, ischemic neuropathy and 

thrombosis. In HD patients, the most common cause of vas-

cular access failure is neointimal hyperplasia. It is important 

to gain information about early clinical symptoms of AVF 

dysfunction in order to prevent and adequately treat poten-
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for high-efficiency dialysis with minimal complications. 
Therefore, a long-term functioning AVF needs a well-
trained surgeon to create it and enough time allowed for 
maturation. The dialysis staff must be well versed in can-
nulation of the AVF, and there should be a minimal need 
for corrective interventions. Yet it must be recognized 
that, under the present circumstances, an ideal approach 
really does not exist  [9, 10] .

  European good clinical practice guidelines for vascu-
lar access suggest preservation of the venous system and 
that all patients who are committed to HD treatment al-
ready have an established vascular access at the begin-
ning of dialysis. Early referral of patients to a nephrologist 
is not only necessary to preserve the blood vessels, but 
also has psychological significance in the preparation for 
dialysis treatment, allows identification of possible op-
tions for dialysis modalities and enables correction of the 
anemic syndrome, hypertension and metabolic disor-
ders. Patience, trust and compromise between doctors, 
patients and the dialysis staff should lead to successful 
placement of vascular access  [11–15] . Most guidelines rec-
ommend assessment of patients for access creation at the 
CKD 4 stage. A fistula should be placed at least 6 months 
before the anticipated start of HD treatments  [16] . 

  Is There a Contraindication to the Creation of 

Vascular Access? 

 When AVFs were introduced into routine clinical 
practice, only people younger than 40 years with chronic 
renal failure as a consequence of diabetes mellitus were 
considered unsuitable for any form of therapy. However, 
nowadays, in addition to the elderly and diabetics, pa-
tients suffering from congestive heart failure are consid-
ered to be risk groups for the creation of vascular access. 
Absolute contraindications to this are amputation of ex-
tremities and advanced peripheral artery disease with 
consecutive necrosis. However, the final decision on the 
quality of the vasculature is made after a noninvasive col-
or Doppler ultrasound examination  [3] . 

  Complications during and Immediately after 

Surgical Intervention  

 Surgical Issues  
 The choice of operative technique for anastomosis has 

its own characteristics and it is a very important proce-
dure in order to avoid certain surgical complications. 

End-to-end anastomosis requires a formidable surgical 
technique, especially when there is a discrepancy be-
tween the lumen of the arteries and veins. This can lead 
to ischemia of the distal extremities, especially in the el-
derly and patients with diabetes mellitus. Side-to-side 
anastomosis is technically easier and can be done if the 
blood vessels are close to each other. It must be noted that 
this type of anastomosis may lead to development of ve-
nous hypertension. Currently, the most acceptable option 
is end-to-side anastomosis  [3, 8, 11] . 

  AVF construction creates conditions for increasing 
the flow of blood through the venous system. Before sur-
gery, systemic venous pressure is about 20 mm Hg, but 
immediately afterwards it increases to between 60 and 
120 mm Hg. Therefore, when making the anastomosis, it 
is important to avoid the possibility of creating obstacles 
to blood flow. One should not make an acute angle, lon-
gitudinally rotate the veins, or change their anatomical 
position. Fulfillment of these conditions reduces the risk 
of turbulence and endothelium injury, which, in turn, 
minimizes the potential for stenosis. Surgical complica-
tions can be defined as complications during the inter-
vention due to discrepancies between the lumen diame-
ters of the arteries and veins, narrowing of the anastomo-
sis, damaged intima media, or interposition of adventitia 
and the remaining collateral  [12] .

  It is noteworthy that the routine application of antibi-
otics is not acceptable. It is also important to note that 
there is no consensus on indications for the formulaic ap-
plication of anticoagulant treatment because surgical er-
rors cannot be corrected by pharmacotherapy  [12] . Im-
mediately after surgery, hemorrhage, low venous flow or 
hematoma may occur. At a later stage, there may be com-
plications, such as infections, the development of an an-
eurysm and/or false aneurysm, fistula vein stenosis, con-
gestive heart failure, steal syndrome, ischemic neuropa-
thy and thrombosis ( table 1 ).

  Creation and maintenance of vascular access cannot 
exclude the occurrence of lymphedema.

  Infections 
 Infection accounts for 20% of all AVF complications 

 [17] , which is ten times lower than the rate of infection of 
AVGs  [18, 19] . Most AVF infections involve perivascular 
cellulitis, which manifests as localized erythema and ede-
ma and is usually easily treated. Much more serious is an 
infection associated with anatomical abnormalities, such 
as aneurysms, hematomas or abscesses, which require 
surgical excision and drainage  [17] .
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  Different clinical and microbiological characteristics 
may indicate AVF infection. Clinical suspicion arises af-
ter visible signs of inflammation at the vascular access 
puncture site (calor, dolor and rubor) with or without sys-
temic manifestations. Localized infections occurring af-
ter AVF puncture are treated with appropriate antibiotics 
based on the results of swab and blood cultures. AVF in-
fections are very rare and in most cases respond well to 
antibiotic treatment, lasting 4–6 weeks. A ligature of the 
AVF is required only when it becomes a source of recur-
rent septic pulmonary embolism  [17, 19] .

  Aneurysmal Enlargement of Blood Vessel Walls 
 An aneurysm is a pathological enlargement of the 

blood vessel wall resulting from repetitive puncture  [14] . 
False aneurysms are hematomas located outside the ves-
sel wall, formed due to a leaking hole in the artery, most 
often due to iatrogenic trauma – primarily repeated nee-
dle punctures  [20] . Color Doppler ultrasound can differ-
entiate false-aneurysm expansion from a hematoma, the 
presence of a thrombotic mass, which enables a decision 
to be made on possible surgical correction. Surgical in-
tervention is recommended when there is a risk of perfo-
ration and ulceration if there are elements of bleeding or 
if there is a limited place for puncture because of the size 
of the aneurysm  [21] .

  Stenosis 
 Thrombosis is a crucial cause of loss of function of an 

AVF. It usually occurs near a stenosis in the area of anas-

tomosis or fistula vein. Uremic factors such as homocys-
teine or endogenous inhibitors of NO synthase (asym-
metric dimethylarginine) could be directly toxic to the 
vascular endothelium  [22] . In patients with end-stage re-
nal disease, in addition to the impaired vasodilatation of 
capacitance vessels due to endothelial dysfunction, re-
duced venous distensibility occurs  [23] . Vein wall disten-
sibility is controlled by collagen, elastin and smooth 
muscle. Wali et al.  [24]  demonstrated accumulation of 
collagen fibers in place of smooth muscle cells in preac-
cess cephalic veins, causing a decrease in the elasticity of 
the vein wall. This process reduces the functional prop-
erties of forearm blood vessels, and thus interferes with 
the proper maturation of the AVF. The risk of thrombo-
sis increases with the degree of stenosis. KDOQI guide-
lines define significant stenosis of the vessel lumen as a 
reduction by more than 50%. Clinical suspicion of steno-
sis is confirmed by the presence of several factors: re-
duced quality of dialysis, problems with puncture, such 
as prolonged bleeding after AVF puncture, pain in the 
area of the fistula or increased venous pressure. Recircu-
lation is an important issue since it appears to be a sig-
nificant cause of inadequate HD. The most common 
cause is the presence of high-grade venous stenosis, 
which obstruct venous outflow, leading to backflow into 
the arterial needle. Recirculation is diagnosed when dia-
lyzed blood returning through the venous side reenters 
the dialyzer through the arterial needle rather than re-
turning to the systemic circulation, and as a result, the 
efficiency of HD is reduced  [14] . It must be pointed out 

Table 1. C linical features and incidence of the most common complications of AVFs

Complications of AVFs 
associated with chronic use

Clinical features Incidence
%

Thrombosis Severe pain at the site of thrombosis, palpation of thrombus at the AVF site, tremors and 
absence of feeling

17–25

Stenosis Difficulties in cannulation, painful arm edema, prolonged bleeding time after cannulation
or after removal of the dialysis needles

14–42

Congestive heart failure Dyspnea, orthopnea, paroxysmal nocturnal dyspnea and edema 12.2–17

Ischemic neuropathy Severe pain distal to the anastomosis, sensory loss, weakness of the hand and fingers, and 
eventually paralysis of the muscles innervated by the radial, ulnar and median nerves

1–10

Steal syndrome Pale/blue and/or cold hand without pain/or pain during exercise and/or hemodialysis, 
ischemic pain at rest, ulceration, necrosis and gangrene

2–8

Aneurysm Diffuse, progressive degeneration of the entire AVF. Signs of bleeding, infection or ulceration 5–6

Infection Local signs of infection (calor, dolor and rubor) 2–3
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that stenosis may be due to extraluminal compression by 
an abscess, hematoma or seroma. The peak systolic ve-
locity in Doppler ultrasound is used to determine the 
existence of stenosis. Values greater than 400 cm/s indi-
cate the presence of stenosis; a monthly decline in flow 
by 20–25% is also considered significant for this type of 
complication. Angiography is a reliable technique for de-
termining stenosis but is more expensive and technically 
demanding. Treatment involves balloon dilatation of the 
stenosis, stent implantation or surgical revision  [12, 20] . 
Percutaneous transluminal angioplasty (PTA) in the 
treatment of vascular access stenosis improves fistula 
function and prolongs fistula survival in patients with 
shorter lesions ( ! 1 cm), but restenosis remains the major 
problem. Although percutaneous interventions are less 
invasive than surgical revision for preserving vascular 
access, long-lasting PTA outcomes have not been dem-
onstrated to be useful. Concerted efforts of nephrolo-
gists, interventional radiologists and surgeons are key to 
maintaining and prolonging function of the vascular ac-
cess  [12, 25–27] .

  Impact of AVFs in Heart Failure 
 Some authors believe that cardiac decompensation in 

patients with AVFs occurs only in individuals with pre-
viously chronic heart disease. Preliminary data show a 
trend towards left ventricular hypertrophy (LVH) in pa-
tients with an AVF  [28]  flow exceeding 2,000 ml, but 
there are no guidelines about possible interventions in 
the AVF to prevent the occurrence of heart failure  [29] . 
Cardiovascular complications are the leading cause of 
death in patients on HD, and LVH is the most common 
cardiac change in patients with end-stage renal failure, 
which is observed in 74% of patients at the beginning of 
HD treatment, probably as a result of adaptation to the 
hemodynamic changes after shunt creation  [30, 31] . De-
velopment and progression of LVH in HD patients is 
complex and often multifactorial; pathogenetic factors 
include volume overload, creation of an AVF, anemia and 
pressure overload. LVH is an adaptive response to in-
creased cardiac workload that has short-term beneficial 
effects on cardiac function but long-term detrimental 
consequences  [31, 32] . 

  The mechanisms of hemodynamic compensation in 
HD patients are very complex and involve, among other 
things, reduced vascular resistance and arterial dilatation 
as a result of increased blood flow and the formation of 
collaterals. Although AVFs have a detrimental effect on 
cardiac function, the exact role of the vascular access is 
not sufficiently clear. It is assumed that the construction 

of an AVF increases cardiac output by 15% and end-dia-
stolic ventricular pressure by 4%  [30] .

  There are no significant studies that would indicate 
the incidence of LVH after AVF creation. Individual re-
sults in small cohorts of patients indicate that the rate of 
LVH is between 12.2 and 17%  [33, 34] . In a situation when 
heart failure is not etiologically clear enough, stimulation 
of natriuretic peptide synthesis by the AVF increases in-
travascular volume, which may be a predictive parameter 
of mortality in these patients. Previous studies showed 
that plasma levels of B-type natriuretic peptide (as a 
marker of volume overload/left ventricle distension) in-
creased in LVH after creation of an AVF  [35]  and in the 
short-term  [36] . Unfortunately, there is no valid evidence 
that closing fistulas reduces cardiovascular risk because 
this would require a large number of respondents. Avail-
able data suggest that after ligation of the AVF, changes 
in the architectonics of the left ventricle do not provide 
the expected beneficial effect  [30] .

  Vascular Access-Induced Ischemia 
 A developed AVF can cause reduced blood flow distal 

to the arteriovenous anastomosis, which leads to hypox-
ia, ischemia and necrosis. The risk of ischemia and the 
emergence of this syndrome, known in the literature as 
the steal syndrome, are especially high in diabetics and 
elderly people. Clinical signs include reduced movement 
of the wrist with a sense of coldness in the hand and a 
color change to pale yellow, or purple, pain at rest and 
during exercise and peripheral necrosis  [37] . Low resis-
tance in the system of fistula veins and retrograde flow in 
the area of the palmar arch jeopardize adequate perfusion 
of the hands. There is evidence that the steal syndrome in 
risk groups may occur in 75–90% of patients after cre-
ation of an AVF. This phenomenon remains clinically
asymptomatic until the moment when compensatory 
mechanisms for perfusion by peripheral arteries are ex-
hausted  [38] .

  In most cases, an AVF does not compromise perfusion 
of the hand  [39] . However, 1.6–8% of patients develop 
unilateral ischemia of the hand  [40] . In general, for the 
occurrence of ischemia in the hand with a fistula, certain 
conditions are required: primarily, reduced blood flow 
through the arterial system due to arterial occlusive dis-
ease proximal or distal from the arteriovenous anasto-
mosis. The steal syndrome may arise from excessive 
blood flow through a dilated blood vessel together with 
insufficient vascular adaptation and reduced collateral 
perfusion. This ischemia is often mild, but severe long-
term hypoperfusion leads to tissue necrosis requiring 
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amputation of fingers and/or forearm in 1% of patients 
 [39] . Pathophysiological mechanisms of vascular access-
induced distal ischemia are complex and not well known. 
Symptoms of arterial blood diversion are more common 
in patients with diabetes mellitus and smokers  [41, 42] . 
Vascular access-induced hand ischemia is a common 
clinical symptom, perhaps 1 in 500 cases, most likely due 
to the rich collateral vascular network and small muscle 
mass. Data in the literature suggest that symptomatic 
ischemia develops in 10–25% of patients with brachioce-
phalic and brachiobasilic vascular access, 4–6% at the 
level of the forearm and 1–2% at the radiocephalic level 
 [43] . Due to the increasing age of patients on HD as well 
as a rising number of comorbidities, the incidence of 
hand ischemia is significantly increasing. It is assumed 
that in the future, the frequency of these ischemias will 
rise due to popularization of vascular access in the prox-
imal region of the elbow, as well as the growing number 
of elderly people on HD  [43] . Treatment of this condition 
is difficult and the risk of amputation of fingers and the 
forearm is great. Therefore, attention must be focused on 
prevention, which includes adequate preoperative assess-
ment, use of Doppler ultrasound, and a precise surgical 
technique that involves arteriotomy no greater than
7 mm as well as being within the range of a 90–180° angle 
of anastomosis. Failure to use these precise surgical tech-
niques may lead to increased resistance and reduced 
blood flow  [40, 43] . So far, there are five known therapeu-
tic options for the treatment of distal arm ischemia caused 
by vascular access. One important operational technique 
is called distal revascularization interval ligation (DRIL), 
a procedure introduced in 1983 as a treatment option for 
distal ischemia caused by vascular access. The essence of 
this operation is stopping retrograde diastolic inflow into 
the fistula as the pathophysiologic principle of the   steal 
syndrome  [44] . However, the strategic application of a 
treatment depends on the severity of symptoms, comor-
bidities and the skill of the surgical team. In milder cases, 
we monitor the development of symptoms, and a radical 
approach is not required. Percutaneous transluminal an-
gioplasty with possible stent implantation in the case of a 
stenotic lesion is carried out as a part of diagnostic arte-
riography and may be a therapeutic option for a third of 
cases  [40, 45] .

  Ischemic Polyneuropathy 
 Ischemic neuropathy is most common in diabetic pa-

tients with severe forms of peripheral arterial disease, es-
pecially when the brachial artery is used for creation of 
vascular access. It is manifested by weak arms, in the im-

mediate preoperative period, severe pain, and paresthe-
sia. Neurological examination shows weakness in distal 
muscle groups in the area of sensory innervation by a
defective median nerve  [30] . The frequency of such com-
plications varies between 1 and 10%. The syndrome de-
velops quickly (typically within hours) of AVF creation 
 [46, 47] .

  Thrombosis 
 The main role of the endothelium in hemostasis is its 

antithrombotic function. A normal hemostatic reaction 
is initiated by damage to blood vessel walls, exposing the 
subendothelial structures to blood flow, resulting in the 
formation of a thrombus  [48] . Fibrinogen and fibrin D 
dimer are independent risk factors for thrombosis of vas-
cular access in patients on HD and are associated with 
intra- and extravascular activation of the coagulation 
system  [49, 50] . 

  Most studies paradoxically indicate disturbances of 
platelet adhesion, thus explaining the tendency to in-
creased bleeding. Thus, a question arises about the cir-
cumstances leading to frequent coagulation at the vascu-
lar access. It is believed that HD platelets are activated by 
adhesion to the extracellular circulatory system and the 
turbulence in blood flow generated by the vascular ac-
cess. Fibrinogen, which has an increased concentration in 
patients on chronic HD  [49] , activates platelets and in-
creases further platelet deposition. Adherent platelets re-
lease platelet-derived growth factor to initiate intimal hy-
perplasia, thereby reducing blood flow. This creates con-
ditions for the deposition of activated and inactivated 
platelets, which, despite a tendency to bleeding, favors 
thrombosis of the vascular access  [50] . Significant studies 
indicate that clopidrogel reduced the frequency of early 
thrombosis of new AVFs, and did not increase bleeding 
events during a 6-week administration period. Mainte-
nance of patency is necessary for fistula maturation, 
which means that prevention of early thrombosis would 
be associated with a higher rate of fistula maturation. A 
beneficial effect of clopidogrel on fistula patency but not 
on suitability is important to the evolving understanding 
of the pathophysiology of fistula maturation and failure, 
and suggests that early patency is necessary but not suf-
ficient for fistula maturation. The discrepancy between 
the effects of clopidogrel on fistula patency and fistula 
suitability indicates that thrombosis may be a manifesta-
tion rather than a cause of maturation failure  [51] .

  An important cause of complications in HD patients 
is an increased thrombotic tendency, causing many fa-
talities involving ischemic heart disease or stroke, but in 
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17–25% of cases the reason for hospitalization is AVF 
thrombosis  [52, 53] . The most common cause of vascular 
access thrombosis is venous neointimal proliferation. 
This causes vascular stenosis, leading to fistula thrombo-
sis  [53] . Neointimal hyperplasia is characterized by the 
proliferation of smooth muscle cells under the influence 
of basic fibroblast- and platelet-derived growth factors. 
The smooth muscle cell layer penetrates through the in-
ternal elastic lamina, migrates into the intima, and se-
cretes matrix proliferous substances, such as collagen, 
elastin and proteoglycans. During migration of smooth 
muscle cells into the intima, they are transformed from a 
contractile into a secretory type that produces a basic 
substance causing intimal fibrosis  [54] . Parallel clinical 
studies were carried out on the correlation of dysfunction 
of vascular access for HD and coronary artery stenosis 
because it is assumed that the vascular access for HD is 
an ideal model for determining the therapeutic protocol 
for vascular stenosis  [55] .

  The vascular endothelial cell is a dynamic medium 
placed between the wall and lumen of vessels. Its core 
functions are maintenance of vascular tone and blood 
flow, prevention of vascular inflammation and prolifera-
tion of smooth muscle cells, as well as fibrinolytic, anti-
inflammatory, anticoagulant and antiplatelet functions 
 [56] .

  However, the altered hemodynamic conditions result-
ing from arteriovenous anastomosis induce mechanisms 
of vascular remodeling, contributing to the emergence 
and development of endothelial dysfunction. This, to-
gether with increased oxidative stress, is an important 
promoter of inflammatory processes. Endothelial vaso-
dilator activity (nitric oxide, prostacyclin and bradyki-
nin) is significantly reduced, while the synthesis of pow-
erful vasoconstrictors (endothelin, angiotensin II and 
free oxygen radicals) is increased. Restenosis is one of the 
important pathophysiological events in the endothelium 
of blood vessels; it may occur after percutaneous translu-
minal methods of angioplasty. Another important pro-
cess that leads to renarrowing of blood vessels is neointi-
mal hyperplasia with proliferation of smooth muscle cells 
and endothelial cells  [57, 58] .

  The kinetics of the proliferation response, which was 
demonstrated in animal models, indicated an important 
role for certain glycoproteins (v � 3 integrins) as a stimu-
lus for platelet-derived growth factor, proliferation of 
smooth muscle cells  [59] , pro-inflammatory agents 
(MCP-1, PAI-1, ET-1)  [60] , interleukin-1  [61]  and early 
changes in venous wall contractility  [62] . On the other 
hand, recent research in humans indicated that about 

90% is dominated by proliferation and neovasculariza-
tion of the subendothelial layer, with macrophage infil-
tration of monocyto-intimal endothelial cells  [63] .

  In the first 7 days after implantation of vein grafts in 
animals, there is degeneration and loss of cell wall storage 
with simultaneous infiltration of mononuclear cells in 
the adventitia. Later, mononuclear cells infiltrate the ad-
ventitia and the blood vessel walls. Thickening of the ve-
nous wall begins in the first week. At 16 weeks, the thick-
ness of the venous wall has increased by 18 times, signif-
icantly reducing the lumen of the vein. It is assumed that 
mechanical stress has a decisive role in the increased gene 
expression of adhesion molecules, growth factors, cyto-
kines and matrix proteins that trigger the inflammation 
process, together with the emergence and subsequent 
proliferation of neointimal atheromatosis lesions. It is
believed that mechanical pressure on the vein wall is a 
strong impetus for the transformation and proliferation 
of smooth muscle cells, leading to reduced flow and ter-
mination of AVF function  [64] .

  New Strategies in the Treatment of Vascular Access 

Dysfunction 

 Endovascular interventional techniques ( table 2 )  [65–
69]  proved to be successful in treating stenotic lesions 
within the access using PTA to treat focal stenoses and 
coil embolization and ligation to eliminate competing 
branch veins  [69–76] . Nassar et al.  [75]  used balloon an-
gioplasty of focal stenoses and coil embolization of acces-
sory veins to salvage 83% of nonmaturing fistulas but 
concluded that 16.8% of the fistulas were unsalvageable 
due to complete occlusion of the outflow tract or the ve-
nous outflow tract being prohibitively deep, tortuous, or 
strictured. Turmel-Rodrigues et al.  [77]  recently facilitat-
ed maturation in 96% of patients with failing Brescia-
Cimino fistulas, who underwent long-segment arterial 
angioplasty of the radial artery to 4 mm in diameter to 
support the flow rates necessary to promote maturation. 

  In order to prevent consecutive hemodynamic changes 
manifesting as decreased blood flow through the AVF, in-
creased venous pressure and prolonged bleeding after 
HD, early identification of neointimal hyperplasia is very 
important. There are specific limiting factors, which af-
fect treatment, such as the inability to achieve effective 
local concentrations of specific antiproliferative agents 
without causing systemic toxicity. It is believed that radia-
tion can inhibit smooth muscle cell proliferation of endo-
thelial cells and macrophages as a result of DNA damage. 
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Newly formed blood vessels are particularly sensitive to 
the effects of radiation. Intracoronary gamma radiation of 
restenosis showed positive findings in 42% of cases. Simi-
lar results were obtained after application of beta radia-
tion. Inhibition of intimal endothelial hyperplasia by gene 
transfer was achieved in an experimental model involving 
induction of nitric oxide synthase, inhibitors of cyclin-
dependent kinases and retinoblastoma protein. The use of 
such therapy in human medicine is still in its infancy. 
Stents coated with an antiproliferative agent represent the 
most significant advance in the treatment of venous neo-
intimal hyperplasia. The results of a European multi-
center study indicate almost complete absence of stenosis 
in patients with coronary angioplasty using sacrolimus-
treated stents, but whether or not the use of such stents 
will be an effective method in the regulation of vascular 
access dysfunction is not yet known  [78] .

  Protocols and procedures of therapeutic strategy con-
sist of suppression of conditions that might lead to prolif-
eration of smooth muscle cells, which is highly important 
for patients with cardiovascular disease. Methotrexate, 
paclitaxel  [79]  and sirolimus  [80]  can have a significant 
effect on the development of venous neointimal prolif-
eration. The results of some studies indicate that hyper-
cholesterolemia and hyperglycemia increase the risk of 
emergence of intimal hyperplasia. There are initial posi-
tive results concerning the application of infrared radia-
tion for inhibition of intimal hyperplasia  [81] . 

  Conclusions 

 A functional AVF is a major determinant of successful 
HD; however, AVFs may be a risk factor for hospitaliza-
tion in dialysis patients. Knowledge about the potential 
complications of AVFs should contribute to their timely 
detection and allow measures to be taken that might pre-
vent deleterious consequences that range from loss of vas-
cular access to serious morbidity, and may ultimately be 
fatal. Therefore, AVF care should be a priority not only 
for patients but also for the entire professional team in-
volved in the treatment of dialysis patients.
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Table 2. T reatment of stenosed HD AVFs

Current procedures Other treatment options (future/experimental)

Percutaneous transluminal angioplasty Radiation therapy

Endovascular stent therapy Infrared therapy

Surgical intervention Drug-eluting perivascular wraps

Fish oil Endothelial cell-loaded gel foam wraps

Angiotensin-converting enzyme inhibitors Vascular endothelial growth factor gene therapy

Anticoagulation therapy Recombinant elastase PRT-201

Antiplatelet therapy Adventa� catheter (endovascular balloon catheter with a sheathed microneedle,
used to deliver the drug, and other agents)
Perivascular polymers
Circulating vascular progenitor cells
Photodynamic therapy
Cryoplasty
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