
https://doi.org/10.1177/0391398819863429

The International Journal of Artificial 
Organs
2019, Vol. 42(12) 675 –683
© The Author(s) 2019

Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/0391398819863429
journals.sagepub.com/home/jao

IJAO The International  
Journal of Artificial  
Organs

Angiography and phlebography  
in a hemodialysis population:  
A retrospective analysis of  
interventional results

Ursula Hadimeri1,2, Anna Wärme3,4, Salmir Nasic5, Sven-Göran 
Fransson1,6, Ann Wigelius7 and Bernd Stegmayr8

Abstract
Objective: To clarify the reasons and beneficial effects and duration of arteriovenous fistula patency after radiological 
interventions in arteriovenous fistula. The patients investigated were referred due to arteriovenous fistula access flow 
problems.
Material and methods: In 174 patients, 522 radiological investigations and endovascular treatments such as 
percutaneous transluminal angioplasty were analyzed, retrospectively. All investigations were performed due to clinical 
suspicion of impaired arteriovenous fistula function.
Results: Arterial stenosis was significantly more frequent among patients with diabetic nephropathy (p < 0.001) 
and interstitial nephritis (p < 0.001). According to the venous stenosis, the diagnosis did not affect the frequency 
(p = 0.22) or the degree (p = 0.39) of stenosis. The degree of stenosis prior to percutaneous transluminal angioplasty 
correlated significantly with the degree of remaining stenosis after intervention (p < 0.001). Of the 174 patients, 123 
(71%) performed a total of 318 investigations including percutaneous transluminal angioplasty. Repeated percutaneous 
transluminal angioplasty was performed significantly more often in patients with diabetic nephropathy. The median times 
to the first percutaneous transluminal angioplasty and to the subsequent percutaneous transluminal angioplasties were 
9.5 and 5 months, respectively. Arteriovenous fistula in patients with diabetic nephropathy performed similar to most 
other diagnoses, although performing more percutaneous transluminal angioplasty/patient than most other diagnoses.
Conclusion: Many patients could maintain long-term patency of arteriovenous fistula, including those with diabetic 
nephropathy, with repeated interventions; this motivates a closer follow-up for these patients. Clinically significant 
stenosis should be dilated as meticulously and as soon as possible. Occlusions of the arteriovenous fistula in most 
instances can be successfully thrombolyzed or dilated upon early diagnosis.
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Introduction

Hemodialysis (HD) remains the most important treatment 
in end-stage renal failure when transplantation is not pos-
sible. Optimal function of vascular access and an adequate 
dialysis dose are two important factors for a successful 
HD. The golden standard of vascular access is a well-func-
tioning native arteriovenous fistula (AVF).1,2 An AVF is 
recommended before arteriovenous graft (AVG) and cen-
tral dialysis catheter (CDC). CDC constitutes the worst 
prognosis especially for the elderly.3 The differences in the 
uses of AVF throughout the world are presumed to contrib-
ute to survival differences between geographical areas.4–6 
Therefore, it is important to perform and maintain a patent 
AVF.4 Maintaining a well-functioning AVF is crucial. In 
total, 20% of fistula creations have a primary non-func-
tion. AVFs cease their function over time, and it was shown 
in a meta-analysis that after 1 year only approximately 
64% remain in function.7 The main reason for AVF failure 
is the development of stenotic formations that lead to radi-
ological investigations and procedures such as percutane-
ous balloon dilation, endovascular stenting, thrombolysis, 
or reconstructive surgery. Early problems with AVF func-
tion are bleeding and hematoma that result in decreased 
flow, which thereby increases the risks for thrombosis and 
infection. Later problems are thrombosis, aneurysm, and 
stenosis with subsequent circulatory effects.8,9 Data vary 
in regard to the time to first intervention after placement of 
the AVF by surgery and in regard to the time to repeated 
intervention.10,11 The patency time is shorter for those 
above 65 years of age.10 Repeated percutaneous interven-
tions on failing AVFs for HD are common, but the out-
comes are largely unknown.12

The aim of this study was to clarify the reasons and 
beneficial effects and duration of AVF patency after radio-
logical interventions in AVF. The patients investigated 
were referred due to AVF flow problems.

Materials and methods

The study included 174 patients that were on chronic HD 
and were referred to the radiological unit due to AVF flow 
problems. All patients had an AVF as the vascular access. 
The patients represented approximately 5.5% of the HD 
population in Sweden. The patients were consecutively 
included in the study based on the time of referral to the 
radiological unit. From 1 January 2006 to 31 December 
2014, patients in the county and university hospital were 
identified consecutively from radiological registers based 
on radiological investigations such as angiography, phle-
bography, or balloon dilatation of a native AVF. Patients 
with grafts were excluded. All investigations were per-
formed on clinical suspicion of AVF dysfunction such as 
recirculation, bleeding after HD, worsening Kt/V, access 
flow that during 3 months was 25% lower than before, or 

high venous pressure. The main author performed a retro-
spective radiological evaluation of all investigations. In 
total, 522 investigations were included and reviewed. All 
stenoses were evaluated. A significant stenosis that neces-
sitated intervention was defined as an obstruction in the 
lumen by more than 50% in accordance with the KDOQI 
(Kidney Disease Outcomes Quality Initiative) guidelines.1 
The length and placement of the stenosis were recorded in 
relation to the anastomosis and location at the arterial or 
venous side. The time from AVF surgical construction to 
the first and subsequent radiological investigation and/or 
procedures was recorded. Demographic data such as gen-
der, age, diagnosis for end-stage renal disease, diabetic 
nephropathy (DN), primary fistula placement, and smok-
ing habits were also recorded.

Routine estimation of AVF flow included clinical analy-
ses such as increased venous pressure and transonic meas-
urement of recirculation and flow. At intervals, Doppler 
investigations were performed to estimate whether there 
was a development of stenosis or not. Upon clinical sus-
picion, a Doppler investigation could be done on short 
notice to decide if admission for radiological investigation 
should be performed. On some occasions, acute problems 
developed.

Radiological investigations

Phlebography was performed through two needles that 
were placed in the AVF by a renal nurse at the location 
where the HD was normally done. A stenosis that was 
located toward the heart was dilated from the same location. 
A stenosis that was positioned near the anastomosis required 
a repeated puncture of the vein toward the anastomosis.

Angiography was performed with the following two 
methods:

1. Percutaneous transluminal angioplasty (PTA) was 
done from the femoral artery with the tip of the 
catheter in the axillary artery where the first dose 
of the contrast medium was injected (approxi-
mately 7 mL). This dose could be repeated. Thus, 
the angiography visualized the arterial side includ-
ing the proximal part of the artery, the anastomosis, 
the distal venous side of the AVF, and the proximal 
and central veins. In the majority of the AVF cases, 
a pre-invasive ultrasound investigation was per-
formed and guided intervention in the area of sus-
pected stenosis.

2. The second technique was a micro-catheter tech-
nique. With the help of an ultrasound needle guide, 
a puncture was performed with a 0.8-mm needle to 
facilitate placement of a 4-Fr micro-introducer into 
the brachial or radial artery. Approximately 2–3 mL 
of contrast medium was used to localize and define 
the stenosis. This dose could be repeated. Performing 
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a balloon dilatation from this location could result in 
substantial bleedings and a pseudoaneurysm that 
could require surgical reconstruction. Therefore, it 
was necessary to make a new puncture on the venous 
side to enable a dilatation of one or several stenoses. 
In the case of thrombosis, this location could be used 
for thrombolysis.13

Interventions were performed with various types (dif-
ferent blends) of balloons that included cutting balloons or 
stents (none drug eluting). Occasionally, the stenosis was 
dilated in addition to thrombolysis. A subsequent smooth-
ening of the surface was easier to achieve by adding an 
intervention with a non-cutting conventional balloon. A 
stent was used in some central or rarely recurrent stenoses. 
A dilatation within stents was also performed.

The retrospective radiological evaluation included the 
identification of the anastomosis, and of all present sten-
oses. The degree of each stenosis was estimated as the per-
centage of the stenosis in relation to lumen size. The location 
of the stenosis in either the arterial or the venous part of the 
vessel was registered, as was the distance from the anasto-
mosis and the length of the stenosis (measured in millime-
ters). After PTA, an estimation was made of the remaining 
degree of stenosis, the remaining length of the stenosis, and 
whether a stent was placed or complications occurred.

Primary unassisted patency was the time of AVF crea-
tion until the first radiological intervention such as angio-
plasty, thrombolysis, or thrombectomy to maintain or 
restore blood flow.

Recurrence was calculated for either radiological inves-
tigation, regardless of intervention or not, and separately 
for PTA intervention.

Statistics

The non-parametric Mann–Whitney U independent test 
was used for group comparison. Fisher’s test was used for 
comparison of ratios. The Wilcoxon paired test was used 
for intra-individual comparisons. Analysis of variance 
(ANOVA) calculations have been performed (Table 2). 
Mean values ± 1 standard deviation are presented, and the 
number of patients or investigations is shown in parenthe-
sis. All statistical analyses were done with the SPSS pack-
age. A two-tailed p-value less than 0.05 was considered 
statistically significant.

Results

The study included 105 men (60%) and 69 women (40%). 
The median (range) age was 68 years (25–88 years), with a 
mean of 65 ± 14 years in both genders. Table 1 shows 
demographic data.

Renal diagnoses were registered and divided into six 
groups (Table 1). The distribution of the diagnoses was 
similar between genders. The group termed “Other” 

included patients with other than common renal disease 
such as damage of the kidneys due to sepsis, myocardial 
infarction, pregnancy complications, prostate cancer, or 
multiple myeloma. The proportion of these patients that 
needed radiological investigations and treatments was 
larger than the proportion of such patients in the general 
HD population.

The underlying diagnosis did not affect the number of 
investigations (p = 0.524).

Smokers (including snuff) were more prevalent among 
patients with the diagnosis of nephrosclerosis (50%, 
p < 0.001) and those with interstitial nephritis (IN; 43%, 
p = 0.028) as compared to other diagnoses where the prev-
alence of smoking varied from 12% to 22%.

The prevalence of HD patients with DN with AVF prob-
lems was more common in this study as compared with DN 
patients on HD (p = 0.008) within the national registry SNR 
(Swedish Renal Registry).14 A higher prevalence was also 
noted in this study for those with nephrosclerosis 
(p < 0.001), while for those with glomerulonephritis (GN) 
it was less (p = 0.004) in comparison to the SNR.

The location of the vascular access is presented in Table 1. 
There was 89% forearm AVF, radiocephalic anastomoses, 
mainly placed on the left side (i.e. 86% were placed on the 
non-dominant arm). The remaining type of AVF was not 
specified by side or upper arm AVF. Two AVFs were 
placed in the “fossa cubitii.”

Table 1. Demographic data with numbers given and 
percentage in parenthesis.

Total 
(n = 174)

Age (years), mean (±SD) 65 (±14)
Men/women 105/69
Tobacco users 48/167 (29%)
Diagnoses
Glomerulonephritis 28 (16%)
Diabetic nephropathy 47 (27%)
Interstitial nephritis 24 (14%)
Hereditary diseases 18 (10%)
Nephrosclerosis/hypertensive disease 38 (22%)
Others 19 (11%)
Diabetic nephropathy 55 (32%)
AV access location
 Radiocephalic forearm, left/right 127/19 (84%)
 Radiocephalic, unknown location 8 (5%)
 Brachiocephalic, left/right 4/2 (3%)
 Other 14 (8%)
Investigation episodes 522
 Fistulography 251 (48%)
 Angiography 251 (48%)
 Fistulo- and angiography 60 (11%)
 PTA 318 (61%)

SD: standard deviation; AV: arteriovenous; PTA: percutaneous translu-
minal angioplasty.
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In total, radiological examinations were performed 
522 times (Table 1). The number of examinations was at 
a median of 2 (range 1–20) for each patient. Only one 
examination was performed in 65 patients. The maxi-
mum number of detected stenoses at the same time was 
5 on the venous side (in one patient) and 2 on the arterial 
side.

The extent of venous stenosis (in percentage) could not 
be coupled to a specific diagnosis.

All stenoses

The degree of venous and arterial stenoses prior to PTA 
correlated with the degree of remaining stenoses after 
intervention (r = 0.20, p < 0.001). Figure 1 presents the dis-
tribution by box plot. This means that the more extensive 
stenoses were less completely resolved by PTA.

The number of months from surgical placement of AVF 
to the first radiological investigation (all stenoses) did not 
differ between the diagnosis groups. The months to the 
next radiological investigation were shortest for the 
“Other” diagnoses, but no significant difference was found 
(Table 2).

The patency of the AVF from surgery to the first PTA 
(all stenoses) was the longest for patients with GN than for 
the other groups. The time interval for the whole material 
was at a median of 9.5 months (mean = 25 ± 36 months). 
Time is displayed in Figure 2.

The months elapsed from the previous PTA (all sten-
oses) to the next PTA were fewer for DN than those for GN 
(p = 0.007) and IN (p = 0.016) (Table 2). The time from the 
previous until the next PTA was at a median of 5 months 
(mean = 8.7 ± 10.2 months) and is displayed in Figure 3.

Of the 174 patients, 123 (71%) performed a total of 484 
PTA investigations (each could include more than one 
PTA). These patients performed PTA either one (28.7%), 
two (17.2%), three (12.6%), four (2.3%), or five times or 
more (9.8%).

Recurrent PTA episodes were divided into three parts. 
The lowest tertial (shortest time to recurrence, n = 90, 
mean = 1.5 ± 1.1 months) was compared with the longest 
time to recurrence (n = 90, mean = 19.2 ± 11.9 months). 
Those with the shortest time between PTAs included a 
larger proportion of patients with DN and “Other” diagno-
ses, were younger (p = 0.031), and had a lower number of 
venous stenoses (p = 0.045). Venous stenosis number 2 was 
longer in those with the shortest time to the next PTA 
(p = 0.041). There were no differences in gender, presence 
of diabetes mellitus (DM) in general, tobacco usage, or in 
the percentage degree of stenosis of the artery or vein.

Arterial stenoses

Arterial stenoses were significantly more frequent among 
patients with DN (p < 0.001) and IN (p < 0.001) than with 
the other diagnoses. The degree of stenosis did not differ 

Figure 1. Results of 469 PTAs displayed by box plot and the median value of the remaining stenoses. The x-axis shows the degree 
of stenosis (%) before intervention and the y-axis the degree of stenosis after PTA. The number of PTAs are given below the boxes 
(n=). The Spearman correlation of the median residual stenosis and the primary stenosis (r = 0.93, p = 0.003) indicates a greater 
residual stenosis after PTA in those with a more extensive primary stenosis.
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between the diagnoses. The underlying diagnosis did not 
influence the PTA result.

Of the arterial stenoses, 48 of 84 were considered sig-
nificant. Intervention with dilatation was performed in 25 
of these 48 cases (52%). The majority of the patients that 
underwent PTA of the feeding artery were men (n = 22, 
88%).

Venous stenoses

The mean number of stenosis of the lumen of venous sten-
oses are given in Table 3. A total of 689 venous stenoses 
were present. Of these, 67% had one stenosis, 25% had 
two, and 8% had 3–5 stenoses. Most stenoses per patient 
and episode were present in patients with nephrosclerosis 
and DN, and the least were in those with hereditary disease 

and IN. Significant differences between some of the diag-
noses existed (Table 3).

The location of the venous stenosis from the anastomo-
sis was possible to be calculated in 422 instances. The dis-
tance from the arteriovenous anastomosis was at a median 
of 5 (n = 236, 56%), 28 (n = 132, 31%), 70 (n = 46, 11%), 
and 160 (n = 8, 2%) mm for venous stenosis numbers 1, 2, 
3, and 4, respectively (Figure 4). Of these, 36% were 5 mm 
or closer to the anastomosis and 98% were within 200 mm 
from the anastomosis. The lengths of the stenoses were at 
a median of 15, 17.5, 20, and 18 mm for venous stenosis 
numbers 1, 2, 3, and 4, respectively (Figure 5).

There was no difference in the distribution of renal 
diagnoses in relation to the percentage of those who had 
the first stenosis within 10 mm from the anastomosis ver-
sus those with a more distant first stenosis. The exit angle 

Table 2. Mean time interval in months (±SD) and number of episodes (in parenthesis) between the initial surgical placement of 
AVF and the first and follow-up radiological investigations (invest.) in relation to various background diagnoses.

Surg. to 1st invest. 
(n = 174)

Follow-up invest. 
(n = 348)

Surg. to 1st 
PTA

Follow-up PTA 
(n = 320)

PTA, numbers 
(n = 484)

Glomerulonephritisa 24 ± 32 (28) 9 ± 16 (48) 46 ± 58 (26)b–f 13 ± 19 (33)b 2.0 ± 1.2 (59)b

Diabetic nephropathyb 14 ± 25 (47) 7 ± 9 (110) 16 ± 23 (48)a  7 ± 9 (136)a, c 5.3 ± 5.3 (184)a, c–f

Interstitial nephritisc 18 ± 18 (24) 8 ± 11 (55) 22 ± 20 (21)a 12 ± 12 (40)b 2.7 ± 1.7 (61)b

Hereditary diseased 23 ± 29 (18) 5 ± 7 (33) 23 ± 28 (16)a  8 ± 6 (16) 1.7 ± 0.8 (32)b

Hypertension, nephrosclerosise 16 ± 17 (38) 7 ± 8 (82) 19 ± 23 (37)a 10 ± 8 (80) 2.9 ± 2.0 (117)b

Other diagnosesf 17 ± 23 (19) 4 ± 7 (20) 15 ± 17 (16)a 10 ± 11 (15) 1.6 ± 0.8 (31)b

SD: standard deviation; AVF: arteriovenous fistula; PTA: percutaneous transluminal angioplasty; ANOVA: analysis of variance.
Data are also displayed for the mean time interval in months between the initial surgical placement of AVF and the first and follow-up episodes of 
PTA intervention. These data include all interventions at the same instance, for example, if three different stenoses were dilated at the same time, 
each dilatation was calculated as one separate event. Mean numbers of PTA/sessions (±SD) and total PTAs (in parenthesis) are also given. Data 
were generated with ANOVA.
a–fSignificant differences (p < 0.05) between groups.

Figure 2. Months from surgery to first PTA distributed in 
cumulative percentage.

Figure 3. Months between the previous PTA and the next 
PTA given in cumulative percentage.
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(as a possible reason for turbulent flow) of the venous part 
of the AVF from the artery showed a similar (n.s.) ratio of 
the first versus all stenoses (angle 0–30°: 20/35 = 57%; 
angle 31–60°: 43/58 = 74%; angle 61–90°: 43/71 = 61%; 
angle 91–120°: 16/20 = 80%; angle 121–150°: 1/2 = 50%).

PTA was performed in 459 of the venous stenoses. Four 
stenoses (1%) were impaired after PTA due to bleeding, 
thrombosis, or dissection. The underlying diagnosis did 
not affect the risk for these complications. Smoking did 
not influence the time span between interventions.

According to the venous stenosis, the diagnosis did not 
impact the frequency (p = 0.22), or the degree of venous 
stenosis (p = 0.39). The long-term survival of AVF is 
shown in Figure 6. There was a significantly poorer out-
come only for those suffering from the “Other” diagnoses 

Table 3. Mean number (±SD) of all venous stenoses 
(independent of whether dilated or not) detected at the same 
investigation.

Venous stenoses (n = 689)

Glomerulonephritisa 1.5 ± 0.9 (94)
Diabetic nephropathyb 1.7 ± 0.9 (228)c,d

Interstitial nephritisc 1.3 ± 0.6 (93)b,e

Hereditary diseased 1.1 ± 0.7 (57)b,e

Hypertension, nephrosclerosise 1.8 ± 1.1 (165)c,d

Other diagnosesf 1.4 ± 1.2 (52)

SD: standard deviation.
The total numbers of venous stenoses are given in parentheses, even if 
no dilatation was performed.
a–fSignificant differences (p < 0.05) between groups.

Figure 4. Distance (in mm) of venous stenosis from AVF 
anastomosis.

Figure 5. Distribution (percentage) of the various lengths of 
venous stenosis numbers 1–3 (in mm).
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versus GN (p = 0.017), DN (p = 0.003), and IN (p = 0.036). 
AVF in patients with DN performed similar to most other 
diagnoses, although they had performed more PTAs/
patient than the other diagnoses (p = 0.036).

Altogether, there were 57 occlusions. One occlusion 
was not dilated because of infection. More than 80% of all 
interventions of the occlusions of the AVFs were success-
ful. The distribution of interventions of occlusions and 
thrombolysis is displayed in Table 4.

Discussion

This study included only referrals that were based on AVF 
access flow problems. This study showed that patients 
with AVF suffer mainly from venous stenosis, whereas 
arterial stenosis was more common in men and those with 
DN and nephrosclerosis. In this study, the risk to develop 
venous stenosis could not be coupled to a specific diagno-
sis or to gender, while others found a more general relation 
between cardiovascular arterial diseases and diabetes 
nephropathy.15 The present data support the fact that arte-
rial and venous stenoses are due to different pathophysio-
logical mechanisms. This is further strengthened by the 
data showing that the number of months from surgery to 
the first radiological investigation or PTA was similar for 
all diagnoses. Notably, a large proportion of patients suf-
fered from a short patency of the AVF both after primary 
placement and after subsequent PTA. Also, if a PTA was 
very successful, reoccurrence of significant stenosis could 
be found within a few months; this indicates strong indi-
vidual differences in the development of stenosis. 
Therefore, follow-up investigations and PTA were per-
formed at a mean of within a 5-month interval in those 
with the “Other” diagnoses compared to less than 
12 months in the residual patients. Notably, the smokers 
were not overrepresented in the number of interventions. 

The lack of such findings may be due to the absence of 
information on who was a current and who was a previous 
smoker, as well as the lack of information of daily doses of 
tobacco consumption. The locations and sizes of the sten-
oses in our material were consistent with the results of a 
previous study by Maya et al.16 who showed that venous 
anastomosis stenoses were the most frequent and arterial 
the least frequent. The present data indicate that the sten-
oses close to the anastomosis are more due to the effect of 
shear stress in the lumen of the anastomosis and less due to 
the angle of exit itself. Stenoses at the second and third 
sites indicate lesions and stenoses caused by repeated nee-
dle punctures along the fistula area, which suggests other 
modifiable factors. However, the different puncture tech-
niques were not registered in our material although most 
were performed with a buttonhole technique (using the 
same entrance as before).

The extent of stenosis and location of venous stenosis 
could be partly related to AVF access sites. In some 
patients, only one dilatation was necessary, whereas in 
other patients repeated PTAs were needed. Although the 
first stenosis in DN was found as frequent as for other 
diagnoses, recurrent venous stenosis after PTA was more 
common among patients with DN. The latter is in line with 
other studies.15,17–20 This motivates a closer follow-up, 
especially for this group of patients.

The present data revealed that recurrent venous stenosis 
appeared after approximately 6 months. This interval was 
similar even after several interventions. In some cases, the 
medical condition of the patient limited the number of 
interventions, and CDC placement was performed.

Our data support the fact that PTA should be performed 
early in the course and with the intention to normalize the 
lumen size to achieve the best resolution of stenosis. A 
residual stenosis will cause increased fistula flow in the 
stenosis area and will thereby favor endothelial stress and 
recurrent stenosis. By aiming at zero stenosis after the 
intervention, the risks for shear stress and recurrent steno-
sis of vessels are reduced. This is in line with other 

Figure 6. Distribution of cumulative survival of AVF related 
to the various diagnoses glomerulonephritis (GN), diabetic 
nephropathy (DN), interstitial nephritis (IN), hereditary diseases 
(Her), nephrosclerosis (NS), and other diagnoses (Other).

Table 4. Distribution (in percentage) of interventions of all 
total occlusions (n = 57).

Interventions Percentage

Thrombolysis 9
Surgical correction 37
Stent placement 5
PTA 25
PTA + stent 4
PTA failed 7
Thrombolysis + dilatation 14

PTA: percutaneous transluminal angioplasty.

Data show more than 100%, since in some more than one intervention 
was made at the same time.
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studies.8,20–22 We also promote that all interventions should 
be performed as soon as possible, perhaps already before 
the stenosis reaches 50% of the diameter.

In patients with total occlusions of the AVF, we showed 
a surprisingly high success rate of 80% after radiological 
interventions. The benefit of such actions was also shown 
in a previous study that had 70% success using AVF 
thrombectomy.23 This supports attempts of interventions if 
occlusions are detected early.

In this study, the mean time from access creation to 
endovascular intervention was similar to data from a previ-
ous study where a mean patency of 23.5 months was 
reported.24 However, the median time for our patients was 
much shorter than reported previously since many needed 
interventions early in the course, and only a few had excel-
lent patency. This study does not clarify if prior CDC use 
was a negative reason for longevity, as shown in a previous 
study.25 Other risk factors are older age, diastolic hypoten-
sion, diabetes,15,18,20,26 long lesion length, and a younger 
age of fistulae.27 The laboratory markers noted were serum 
albumin,26 increased level of the neutrophil–lymphocyte 
ratio,28 serum C-reactive protein (CRP),29 and coagula-
tion–fibrinolysis imbalance after intervention,30 but there 
were few other blood markers.31

Another study showed that higher doses of erythrocyte-
stimulating agents (ESA) were used in patients who suf-
fered from AVF stenosis problems.32 Since ESA may 
stimulate endothelial growth and fibrosis, future studies 
have to clarify whether this contributes to stenosis or is a 
confounding factor.

We did not use drug-eluting balloon angioplasty that could 
prolong patency,28,33 whereas repeated follow-up of ultrasound 
and blood flow of AVF was done according to others.34,35

Although stent grafts for AVF stenosis have a positive 
impact,36,37 this was only used to a limited extent.

This study favors the fact that a specific diagnosis such 
as DN is connected with arterial but not with the initial 
development of venous stenosis. However, recurrent venous 
stenoses are more common in these patients. As we show, 
the location of venous stenosis is mainly in three areas, and 
frequently there are numerous stenoses in the same patient. 
Our study shows the time that can be expected to elapse 
between the primary operation and the first PTA necessary, 
as well as the episodes and time elapsed between PTA recur-
rences. The angles of the venous anastomosis toward the 
feeding artery appear not to be of importance for the devel-
opment of the stenoses. Most stenoses were within 5 mm of 
the anastomosis, and the subsequent stenoses seemed to be 
located where the arterial and venous needles were located. 
The latter indicates a traumatic reason for stenosis more so 
than turbulence. We feel that the dilatation of the stenosis 
should be performed before the lumen becomes too narrow 
since the effect of dilatation is less at this stage. Our data 
indicate that there may be a benefit to dilate stenoses below 
the 50% limit as recommended by guidelines. The effect of 

dilatation could be maintained even when repeated dilata-
tions were performed and the time delay between these 
recurrent stenoses, albeit short, did not change. The data 
also give hope for radiological interventions when a total 
occlusion is present that includes thrombectomy, thrombol-
ysis, and dilatations.

In conclusion, AVF stenoses develop and reoccur differ-
ently depending on the renal diagnosis as well as stage of 
intervention. Radiological interventions are effective and can 
be repeatedly performed with success. Repeated follow-up of 
risk patients and earlier interventions will help patients stay 
on native AVF. It is important to consider the investigation 
and endovascular treatment in one sequence. In case of occlu-
sion, thrombolysis with or without PTA should be attempted 
before surgery. All interventions should be performed as soon 
as possible since late intervention results in a larger remaining 
stenosis. Interventionists should not hesitate to intervene in 
occluded fistulae since results are favorable.
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