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ABSTRACT �

Aim. Percutaneous endovascular procedures have 
become the standard treatment of arteriovenous 
fistulae and graft stenosis. This study evaluates the 
immediate results of angiographic procedures per-
formed by nephrologists in patients with dysfunc-
tional arteriovenous fistulae and arteriovenous graft 
stenosis.

Patients and Methods. A retrospective analysis 
was performed on patients referred to the three 
Interventional Nephrology units between April and 
June, 2010. Clinical data were recorded.

Results. A total of 113 procedures were performed: 
59 in arteriovenous fistulae and 54 in arteriovenous 
graft stenosis. The main reasons for referral were 
increased venous pressure (21%), limb oedema (21%) 
and decreased intra-access flow (20%). Stenoses 
were detected in 85% of the procedures, mostly in 
patients with arteriovenous graft stenosis (56%). The 
main locations of stenosis were the outflow vein 
(cephalic/basilic) in arteriovenous fistulae (34%) and 
venous anastomosis in arteriovenous graft stenosis 
(48%). Angioplasty was performed in 73% of proce-
dures where stenoses were detected. The immediate 
success rate was 91% for arteriovenous fistulae and 
83% for arteriovenous graft stenosis. Partial success 

was obtained in 11% of angiographies. The complica-
tion rate was 7%.

Conclusions. Physical examination findings led, in 
at least half the cases, to angiography referral and 
enabled the diagnosis and treatment of stenoses. 
For this reason, we advocate that this tool should 
be included in any vascular access monitoring pro-
gramme. Our results support the safety of these 
procedures performed by nephrologists and their 
efficacy in the recovery of dysfunctional arteriovenous 
fistulae and arteriovenous graft stenosis.
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INTRODUCTION  �

Interventional Nephrology is an area which deals 
with diagnostic and therapeutic techniques of dialysis 
vascular access, including percutaneous endovascular 
procedures performed to manage arteriovenous fis-
tulae (AVF) and polytetrafluoroethylene arteriovenous 
graft (AVG) dysfunction1. Traditionally, haemodialysis 
vascular access-related procedures have been almost 
exclusively performed by surgeons and interventional 
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radiologists. However, several published studies 
show that nephrologists are able to perform them 
safely and with excellent results2. Advantages include 
less delay between detection of access dysfunction 
and angiographic procedure, less hospital admissions 
and less short-term central venous catheter place-
ment3. Moreover, the nephrologist is in a privileged 
position because he is in daily contact with vascular 
access problems and fully understands their impor-
tance in end-stage kidney disease patients.

The aim of this study was to evaluate the immedi-
ate results of angiographic procedures performed by 
nephrologists in patients with dysfunctional AVF and 
AVG.

PATIENTS AND METHODS  �

This retrospective study enrolled 113 angiographic 
procedures performed in 105 patients with stage 5 
chronic kidney disease (97 patients on haemodialysis 
and 8 predialysis patients), referred to three Interven-
tional Nephrology units between April 1 and June 30, 
2010. The patients were distributed as follow: Hospital 
Santa Maria (n=49), Hospital Santa Cruz (n=35) and 
Hospital Curry Cabral (n=21). The following variables 
were analysed: gender, age, type and location of 
vascular access, referral cause, number and location 
of the stenoses detected, number of percutaneous 
angioplasties (PTA) performed, immediate success rate 
of the intervention and complications.

The puncture site of the vascular access was based 
on the referral cause and on physical examination 
findings. Thus, in AVF, the diagnostic angiography 
was performed by anterograde (n=38) and retrograde 
(n=4) venous approach or by puncturing the brachial 
artery (n=17). Anterograde and retrograde puncture 
was choosen for AVG assessment in 51 and 3 pro-
cedures, respectively. Based on the stenosis location, 
balloons of 4 to 12 mm in diameter were used for 
PTA performance and inflated to the maximum pres-
sure specified by the manufacturer. Anatomic, hae-
modynamic or clinical success was defined in agree-
ment with the reporting standards of the (American) 
Society of Interventional Radiology4.

All data was analysed using the SPSS software 
program (version 17.0, SPPS, Chicago, IL, USA). 

Numerical variables are shown as mean and standard 
deviation. Fisher’s exact test was used for the com-
parison of categorical variables. A p value < 0.05 
was considered statistically significant.

RESULTS �

We analysed 105 patients, 56 male (M) and 49 
female (F), with a mean age of 60.2±16.6 years (range 
19-89 years), mostly on dialysis (n=97). Throughout 
the three-month study, almost all patients (n=99) 
were referred only once to angiographic study. Five 
patients were referred twice, and one patient record-
ed a total of four procedures. These patients under-
went a total of 113 procedures, 59 in AVF and 54 in 
AVG. At least one stenosis was detected in 88 assess-
ments (85%).

Arteriovenous fistulae  �

Fifty-nine procedures were performed in 56 patients 
with AVF (39M/17F) mean age 61.2±16.2 years.

The location of the AVF was radiocephalic (n=17), 
brachiocephalic (n=33) and brachiobasilic (n=9). In 
radiocephalic fistulae, the angiographic exam was 
most often driven by delayed maturation (n=7) or 
decrease of the intra-access flow (n=7). In the bra-
chiocephalic fistulae, increased venous pressure 
(n=11) and pulsatility of access (n=6) were the main 
referral causes. Limb oedema (n=2) and a reduction 
in intensity of the thrill (n=2) were the principal 
physical changes that led to the performance of the 
procedure in brachiobasilic fistulae.

Significant stenoses were encountered in 39 exams 
(66%) performed in patients with AVF and the main 
reasons for referral to angiographic study in these 
patients are listed in Table I. In 25 cases we found an 
isolated stenosis. Two (n=9), three (n=4) or four (n=1) 
stenoses were found in the remaining exams. The 
lesions were detected in peripheral (n=29) or central 
veins (n=6) and less often in both locations (n=4).

Stenoses in AVF were found mostly in the outflow 
vein (cephalic/basilic) (n=20) and perianastomotic 
area (n=13) (fig. 1). Cephalic arch stenosis was 
detected in 8 angiographies performed to evaluate 
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AVF: 6 in brachiocephalic and 2 in radiocephalic AVF. 
In brachiocephalic AVF, the overall prevalence of 
cephalic arch stenosis was 26%.

Arteriovenous grafts  �

Fifty-four procedures were performed in 49 patients 
with AVG (17M/32F), mean age 59.2±17.3 years (range 
19-85 years). The vascular graft was located between 
the brachial artery and axillary vein in 46 patients, 
the femoral artery and vein in 2 patients and 1 patient 
had a brachiocephalic graft.

 At least one stenosis was found in 49 examina-
tions performed in patients with AVG (91%). There-
fore, there was a higher rate of stenosis detection 
in patients with AVG than those with AVF (91% vs. 
66%, p = 0.005). The main reasons for referral to 
angiographic study are listed in Table I.

Once again, in the majority of the procedures, a 
single stenotic lesion was encountered (65%). Two 
stenoses were detected in 16 cases (33%) and three 
simultaneous lesions were found in one case (2%). 
The stenoses were mostly in peripheral (57%) or 
central (29%) veins. Seven patients (14%) had stenos-
es in both locations.

In AVG, the stenotic lesions prevailed in the venous 
anastomosis (48%) (Fig 2.). A cephalic arch stenosis 
was detected in one patient with a brachiocephalic 
graft.

Angioplasty  �

Angioplasty was carried out in 64 cases (22 in 
AVF/42 in AVG). The overall immediate success rate 
was 91% for AVF (n=20) and 83% in AVG (n=35). 
In AVG, 7 angioplasties were performed with only 
partial success (residual stenosis > 30%) because of 
the following reasons: interruption of the exam due 
to poor patient collaboration (n=1) or onset of com-
plications (n=3); failure in stent placement due to 

Table I

Reason for angiography referral in vascular access with stenosis

Referral cause
AVF AVG 

No. of exams % No. of exams %

Increased venous pressure 8 21 11 22

Decreased intra-access flow 8 21 10 21

Ipsilateral limb oedema 6 15 17 35

Vascular access pulsatility 6 15 5 10

Deficient maturation 4 10 0 0

Post-thrombectomy control 0 0 4 8

Difficulty in puncture 2 5 2 4

Collateral circulation 1 3 0 0

Decreased dialysis dose 1 3 0 0

Others 3 7 0 0

Total 39 100 49 100

AVF: arteriovenous fistulae. AVG: arteriovenous graft

V: vein; BC: brachiocephalic

Figure 1

Location of the stenosis found in patients with arteriovenous fistulae (n=59)

V: vein; BC: brachiocephalic

Figure 2

Location of the stenosis found in patients with arteriovenous grafts (n=67)
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the location of the stenosis (n=2); and significant 
deterioration of prosthetic material (n=1).

In radiocephalic fistulae stenosis, only 18% of PTA 
(n=2) were performed, with a 50% success rate. In 
the upper arm fistuale stenoses, PTA was performed 
in 71% of cases, with an overall success rate of 95%. 
All patients with cephalic arch stenosis underwent 
PTA of the lesion with total success and without 
complications.

In one patient with AVG, a stent (Wallstent, Boston 
Scientific® USA) was placed due to elastic recoil.

Complications  �

The overall complication rate was 7%. Four events 
occured in patients with AVF procedures: mild allergic 
reaction (n=2), vomiting (n=1) and access thrombosis 
(n=1). The interventions in patients with AVG com-
plicated with minor disruption of the vessel (n=2), 
extensive haematoma (n=1) and supraventricular 
tachycardia (n=1).

DISCUSSION �

When comparing the type of haemodialysis vas-
cular access, the AVF is the one which shows a lower 
rate of thrombosis and infection, a lower number of 
hospital admissions and is associated with a greater 
patient survival. Due to all these advantages, the 
AVF is regarded as the preferred vascular access by 
the KDOQI guidelines (2006). AVG placement should 
be considered in the following conditions: absence 
of vascular capital or high probability of poor AVF 
maturation5.

The most common cause of vascular access dys-
function is venous stenosis and is primarily due to 
venous neointimal hyperplasia in both AVG and 
fistulae6. Venous stenosis in vascular accesses is 
characterised by (a) the presence of alpha smooth 
muscle actin positive cells and myofibroblasts, (b) 
neovascularisation within the neointima and adven-
titia, (c) a macrophage layer lining the perigraft 
region (AVG), (d) the presence of cytokines, such 
as platelet derived growth factor, vascular endothe-
lial grouth factor and basic fibroblast grouth factor 

and (e) the expression of matrix proteins such as 
collagen and tenascin6.

In AVF, the stenosis is highly influenced by the 
vasodilatory capacity of the vein and surgical tech-
nique. The process of neointimal hyperplasia forma-
tion is complex and includes two main events. An 
initial injury of the endothelium and smooth muscle 
occurs followed by the migration of smooth muscle 
cells and myofibroblasts from the media into the 
intima, where they proliferate and form the stenotic 
lesion7,8. Some triggering factors have been identi-
fied: (a) haemodynamic stress at the artery-vein or 
graft-vein anastomosis due to a combination of low 
shear stress, turbulence and compliance mismatch, 
(b) surgical injury at the time of construction of the 
vascular access, (c) attraction of inflammatory cells 
to the graft itself, (d) graft injury caused by insertion 
of dialysis needles, (e) uraemia which has been 
shown to exacerbate endothelial dysfunction and 
(f) genetic predisposition of veins to vasoconstriction 
and neointimal hyperplasia7,8.

In this study, the detection of stenoses was more 
common on angiographic examinations performed 
in patients with AVG than with AVF (91% vs. 66%), 
which is in agreement with published literature5.

As would be expected, the perianastomotic area 
was the the most common location of AVF stenosis 
(31% of cases) and resulted from the devascularisa-
tion of the vein wall during surgical dissection9. More 
than half the stenoses in AVG occurred in the venous 
anastomosis, where the susceptibility for stenotic 
lesions is higher due to neointimal hyperplasia.

The cephalic arch stenosis seems to have a distinct 
functional profile from other venous stenoses. In this 
study, 9 stenotic lesions were found in the cephalic 
arch, most of them in patients with brachiocephalic 
vascular access (78%). Published data point to a 
prevalence of cephalic arch stenosis between 4.25 
and 64%, in patients with brachiocephalic fistulae10. 
Some potential factors explain this high prevalence. 
The portion of the cephalic arch that is located 
directly beneath the clavicular head of the pectoralis 
major muscle and the portion that pierces the clavicu-
lar fascia might be under extrinsic compression and 
halt remodelling of this venous segment. The cephalic 
arch possesses valves that may interfere with dilation 
after fistulae creation. Additionally, haemodynamic 
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forces, due to high blood flow rates, make this seg-
ment particularly prone to injury11.

The 2006 KDOQI guidelines recommend monitor-
ing of the vascular access by direct measurement 
of intra-access blood flow (in AVF and AVG) and 
determination of venous pressure (AVG) (Evidence 
A). The physical examination of the vascular access 
is considered, in these guidelines, to be an Evi-
dence B recommendation. However, in our study, 
in more than half the exams in which stenoses 
were detected, the cause for referral was based 
on clinical findings. This demonstrates that the 
physical examination should not be neglected by 
the nephrologist and is a useful tool for detecting 
vascular access problems that can be corrected in 
a timely manner.

Eight angiograms were performed after surgical 
thrombectomy (1 exam in AVF and 7 in AVG) leading 
to higher financial costs. There is no accepted 
method for carrying out vascular access thrombec-
tomy. Some studies suggest that surgical revision 
of the vascular access provides better long-term 
patency12, while others show that angioplasty results 
are comparable to those of surgical revision13. How-
ever, angioplasty has additional advantages to be 
considered, such as less invasiveness, shorter pro-
cedure time, shorter hospital stays and fewer anaes-
thetic requirements.

The angiographic assessment was important in 
the studied population because it allowed for the 
detection of stenoses in 85% of the procedures and 
enabled therapeutic intervention in more than 70% 
of the cases. The overall immediate success rate of 
PTA was 91% for AVF and 83% for AVG. These find-
ings are consistent with published data by Turmel-
Rodrigues et al.14, Parreira et al.15 and Surlan et 
al.16, but slightly lower than those reported by other 
authors such as Beathard17 and Patanè et al18.

The primary and secondary patency rates were 
not possible to evaluate due to logistical reasons. 
Nevertheless, follow up data indicated that 8% of 
patients with vascular access stenosis underwent 
reintervention within the 3 months of the data col-
lection. In fact, the great need for reinterventions 
after angioplasty is very often a comment in most 
trials into endovascular percutaneous treatment 
outcomes19,20.

The complication rate depends on the centre’s 
experience and, in published studies, ranges from 
1.7 to 14.9%21-23. In this study, complications occurred 
in 7% of the procedures, without considerable sever-
ity. The two cases of vessel rupture were easily 
addressed with a second balloon inflation.

CONCLUSION �

This study highlights the importance of the physi-
cal examination findings that led, in at least half the 
cases, to the performance of angiographic procedures 
and enabled the diagnosis and treatment of stenoses. 
For this reason, the authors advocate that physical 
examination should be included in any vascular 
access monitoring programme, complementing the 
more objective methods currently available. The 
results presented in this study support the safety of 
these procedures performed by nephrologists and 
their efficacy in the recovery of dysfunctional arte-
riovenous fistulae and grafts.
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