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Abstract: Background: Complications such as stenosis, thrombosis, aneurysmal dilatation, and infection occur in at
least one-third of all arteriovenous fistulas (AVFs). Due to these complications, vascular access dysfunction devel-
ops in hemodialysis patients. Objectives: We investigated AVF rescue operations, which we performed for the pathol-
ogies causing dysfunctional vascular access, and outcomes of these operations by surgeon-performed preoperative
ultrasound (US) in our clinic. Design: Retrospective Study. Settings: Bursa Yiksek lhtisas Training and Research
Hospital Cardiovasculary Surgery Department, Turkey. Patients and methods: 67 patients who were treated in our
clinic due to AVF dysfunction between January 2012 and January 2016 were included in the study. Preoperative
US evaluation for dysfunctional AVFs was performed by the surgeon conducting the operation. The patients were
divided into 5 groups according to the pathologies such as stenosis, thrombosis, aneurysm, high-flow rate, and deep
basilic vein. Main outcome measures: Our goal in all patients with vascular access dysfunction was to maintain the
AVF. Sample size: 67 Patients. Results: In Group 1 (16 patients) which had stenosis and underwent AVF reconstruc-
tion, the 24-month primary patency rate was 81.3%. In Group 2 (9 patients) which had trombosis and underwent
AVF reconstruction, the 24-month primary patency rate was 22.2%. In Group 3 (24 patients) which had AVF aneu-
rysm and underwent AVF reconstruction, the 24-month primary patency rate was 70.8%. In Group 4 (10 patients)
which had high flow and underwent AVF reconstruction, the 24-month primary patency rate was 90%. In Group 5
(8 patients) which had deep basilic vein and underwent AVF reconstruction, the 24-month primary patency rate
was 75%. Conclusion: Leaving patients with vascular access dysfunction to fate (no intervention) or AVF ligation is
always simpler and easier. However, it should not be forgotten that paternity for vascular access are limited in these
patients. We think that the primary target is to demonstrate AVF by physical examination and surgeon-performed
detailed US and to make it again available for hemodialysis by reconstructing dysfunctional AVF using the most ap-
propriate surgical strategy. Limitations: Retrospective, small sample size.
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Introduction arm edema, arm ischemia, and deep basilic

vein fistula (which cannot be used due to its
Complications such as stenosis, thrombosis, proximity to the nerves and arteries) are pres-
aneurysmal dilatation, and infection occur in at ent in AVF. Ultrasound (US) in addition to physi-
least one-third of all arteriovenous fistulas cal examination can be used in detecting these
(AVFs) [1]. Degenerative changes of the vein AVF problems [4-7].

wall due to high AVF flow, venous stenosis, and
repeated dialysis attempts from the same site
may lead to aneurysm formation [2]. Venous
stenosis can cause thrombus formation in an
aneurysm sac, aneurysmal sac enlargement
and ultimately infection, skin atrophy, ulcer-

We investigated AVF rescue operations, which
we performed for the pathologies causing dys-
functional vascular access, and outcomes of
these operations by surgeon-performed preop-
erative ultrasound (US) in our clinic.

ation, necrosis, and bleeding [3]. Many com- Patients and methods
plex vascular access problems such as aneu-
rysm, thrombus formation, venous stenosis, Information for the patients who were treated

juxta-anastomotic stenosis, high-flow fistula, in our clinic due to AVF dysfunction between
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Table 1. Demographic features of the patients

Group 1 Group 2 Group 3 Group 4 Group 5

n=16 n=9 n=24 n=10 n=8 pvalue
Age (years) 49.69 (11.97) 52.56(11.18) 50.33 (11.56) 48.6(11.13) 41.63(9.16) 0.820*
Male gender, n (%) 8 (50) 7(77.8) 16 (66.7) 4 (40) 5 (62.5) 0.410"
HT, n (%) 15 (93.8) 8 (88.9) 22 (91.7) 7 (70) 5 (62.5) 0.143"
DM, n (%) 3(18.7) 0 (0) 8(33.3) 3 (30) 3(37.5) 0.291"

HT, Hypertension; DM, Diabetes mellitus; “Chi-Square, “ANOVA (Tukey HSD: P = 0.158).

Figure 1. A. Surgical planning with the aid of preoperative US. B. Minimal surgical incisions for AVF reconstruction.
C. Creating subcutaneous tunnels for the PTFE graft. D. Completed anastomoses after the PTFE graft being passed
under the skin.

January 2012 and January 2016 were obtain-
ed from the hospital’s database and clinical
notes. 67 patients who were admitted to our
clinic due to AVF dysfunction and who had
surgeon-performed preoperative US were in-
cluded in the study. The study protocol was
approved by the institutional Ethics Commit-
tee. The demographic characteristics, comor-
bidities and perioperative information of the
patients were recorded (Table 1). Primary
patency is duration of successful fistula open
without additional intervention after AVF recon-
struction. Fistula primary patency rates at 1,
6, 12 and 24 months after AVF reconstruc-
tion, postoperative need for central venous
catheter, complication development, and func-
tional operation of the reconstructed AVF were
evaluated.
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Preoperative US (Mindray, diagnostic ultra-
sound system, Hamburg, Germany) evaluation
for dysfunctional AVFs was performed by the
surgeon conducting the operation. The detail-
ed physical examination was performed in all
patients before the operation. Subsequently,
the detailed vascular mapping was performed
by assessing arterial diameter, calcification,
thrombus, stenosis, aneurysm and fistula flow
in all patients by US. The markings indicating
the surgical procedure related to AVF in the
patients were drawn with a permanent paint
pen (Figures 1A, 2A).

The patients with dysfunctional AVF were divid-
ed into 5 groups: Group 1: Stenosis > 70% (ste-
nosis at the juxta-anastomotic site and stenosis
at the intervention site for AVF). Group 2:
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Figure 2. A. Preoperative US mapping of AVF stenosis
due to repeated dialysis needle insertion attempts.
B. Placement of a PTFE interposition graft following
excision of the stenotic segment of the AVF after sur-
gical procedure.

Figure 3. A. Surgical exploration of high-flow AVF. B.
Banding procedure with the Dacron graft, narrowing
of the fistula.

Thrombosis. Group 3: Aneurysm (an aneurysm
with a diameter greater than 4 cm in AVF, pain
in the area overlying, rapidly expanding aneu-
rysm (0.2 cm/6 months) and thrombosis of
the aneurysm). Group 4: High-flow rate (AVF
flow > 1200 mL/min). Group 5: Deep brachio-
basilic AVFs (Patients who without basillic vein
superficialization in the first brachiobasillic AVF
operation).

Surgical technique

The patients were operated under sterile con-
ditions in the operating room. Local anes-
thesia or axillary blockade was performed by
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considering the extent and duration of AVF
reconstruction. Anticoagulation was perform-
ed with 5000 IU of standard heparin. Depend-
ing on vein wall thickness, 5-0 and/or 6-0
polypropylene were used in anastomoses and
sutures. A 6 mm PTFE trilaminate early cannu-
lation graft (Flixene Vascular Graft, Atrium
Medical Corporation, USA) was used as a graft
material. Surgical procedures that could be per-
formed with the patient’s native vessel were
preferred as the first option in surgical plan-
ning. Minimal surgical incisions were ma-
de in order to provide the needle entry site
with the longest distance and from different
locations that would allow dialysis after the
operation.

In the group with AVF stenosis at the juxta-
anastomotic site and at the intervention site
for dialysis, native vessels were primarily mo-
bilized. Then, the stenotic segment was resect-
ed, and the end-to-end anastomosis techni-
que was performed. If end-to-end anastomosis
was not possible despite simple resection and
vessel mobilization, the AVF was complet-
ed with the interposition of a PTFE graft (Figure
2A, 2B).

In the group with AVF thrombosis, the throm-
botic segment underwent thrombectomy with
the appropriate skin incisions using the Fogarty
embolectomy catheter.

In the group with AVF aneurysm, after the proxi-
mal and distal control of the aneurysmatic seg-
ment was achieved with approximately 3-5 cm
incisions, it was resected. If the juxta-anasto-
motic site in aneurysmatic AVFs was intact, the
non-aneurysmatic arterialized vein segment
near the anastomotic line was combined with
the PTFE graft using the end-to-end anastomo-
sis technique. Thrombus within the aneurysmal
sac was carefully removed. If there was no
backflow in the non-aneurysmatic segment,
thrombectomy was performed using an appro-
priately sized Fogarty catheter. The newly anas-
tomosed PTFE graft was passed through the
subcutaneous area in the intact region outside
aneurysmatic regions to create a new line. A
new AVF was created by anastomosing it from
the non-aneurysmatic arterialized vein seg-
ment in the proximal anastomotic line using the
end-to-end anastomosis technique (Figure
1A-D).
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Statistical analysis

Statistical analysis data were
analyzed with the Statistic-
al Package for the Social
Sciences (IBM SPSS Statistic

Log Rank: 0.000
Inc. version 21.0, Chicago, IL,
ad USA). Continuous and ordinal
T T T L L T .
0 s 10 15 0 2 variables were expressed as
Months mean + standard deviation
Months 1 5 2 24 and nominal variables were
N. at risk 16 16 13 13 expressed as frequency and
Group 1 SE 0.000 0.000 0.038 0.098 percentage. Chi Square test
Patencyrate 100% 100% 81.3% 81.3% q
eE S > > 3 was usg to cqmpare groups
Group 2 SE 0.166 0.139 0.139 0.139 for nominal variables. ANOVA
Patencyrate 55.6% 22.2% 22.2% 22.2% test was used to compare
N. atrisk 23 21 17 17 f ti .
Group 3 SE 0,041 0,068 0.093 0.093 groups for continuous vari-
Patencyrate 95.8% 87.5% 70.8% 70.8% ables with normal distribu-
BLARIRE 2 2 2 2 tion. Longterm results were
Group 4 SE 0.095 0.095 0.095 0.095 vzed by Kapl Mei
patencyrate 90% 90% 90% 90% analyze y raplan Meier
N. at risk 8 7 6 6 curves, and differences in
Group 5 SE 0.000 0.117 0.153 0.153 subgroups were assessed
Patencyrate 100% 87.5% 75% 75%

Figure 4. Kaplan-Meier curves; cumulative primary patency rates for twenty

four months.

In the group with high-flow AVF, it was narrow-
ed by using a 2-3 cm wide Dacron graft in the
AVF with a flow rate of above 1200 ml/min.
With the help of intraoperative US, the vessel
diameter was narrowed by banding procedure
so that fistula flow was about 600 ml/min
(Figure 3A, 3B).

In the group with deep basilic vein AVF, the
subfascial basilic vein which is not suitable for
vascular access due to its proximity to the bra-
chial artery and its deep placement were
adapted to vascular access by performing
suprafacial transposition with intermittent skin
incisions and continuous subcutaneous fascial
incisions.

In all patients, necrotic and ulcerated skin tis-
sues were removed if they were present. The
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by the log-rank test. For all
tests, a p value of < 0.05
was considered statistically
significant.

Results

A total of 67 patients underwent AVF recon-
struction. The patients were divided into 5
groups according to surgical interventions.
Demographic data are showed in Table 1.
Kaplan-Meier curves; cumulative primary pa-
tency rates for twenty four months are showed
in Figure 4.

Group 1: 16 patients were evaluated in the ste-
nosis group. The patients in this group were
operated under local anesthesia. Fistula pri-
mary patency rates at 1, 6, 12 and 24 months
after surgical reconstruction were 100%,
100%, 81.3% and 81.3%, respectively (Kaplan-
Meier curves, Figure 4). No postoperative com-
plications were observed in any of the patients
in this group.
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Group 2: 9 patients were operated in the th-
rombosis group. The patients in this group were
operated under local anesthesia. Fistula pri-
mary patency rates at 1, 6, 12 and 24 mon-
ths after surgical reconstruction were 55.6%,
22.2%, 22.2% and 22.2% respectively (Kaplan-
Meier curves, Figure 4). 1 patient in this group
underwent revision due to bleeding. In the post-
operative period, 2 patients underwent dialysis
catheter placement.

Group 3: The aneurysm group consisted of 24
patients. The aneurysm diameters of the
patients in this group ranged from 4-6 cm.
While 6 patients were operated under axillary
blockade, other patients were operated under
local anesthesia. Fistula primary patency rat-
es at 1, 6, 12 and 24 months after surgical
reconstruction were 95.8%, 87.5%, 70.8%
and 70.8%, respectively (Kaplan-Meier curves,
Figure 4). 2 patients in this group underwent
revision due to bleeding. In 1 patient, superfi-
cial soft tissue infection was seen in the early
period. In the postoperative period, 2 patients
underwent dialysis catheter placement.

Group 4: 10 patients were evaluated in the high
flow group. In these patients, the mean preop-
erative fistula flow was 1286 (74.02) ml/min,
and the mean postoperative fistula flow was
610 (65.19) ml/min. All patients were operated
under local anesthesia. Fistula primary paten-
cy rates at 1, 6, 12 and 24 months after surgi-
cal reconstruction were 90%, 90%, 90% and
90%, respectively (Kaplan-Meier curves, Figure
4). No postoperative complications were
observed in any of the patients in this group.

Group 5: There were 8 patients in the deep
basilic vein AVF group. All patients were oper-
ated under local anesthesia. Fistula primary
patency rates at 1, 6, 12 and 24 months after
surgical reconstruction were 100%, 87.5%,
75% and 75%, respectively (Kaplan-Meier
curves, Figure 4). 1 patient in this group under-
went revision due to bleeding. The patients with
a preoperative dialysis catheter used their
catheters for one month postoperatively and
then basilic vein transposition (BVT) AVFs.

Discussion
Local complications such as aneurysm, throm-

bosis, stenosis, and graft infection as well as
systemic complications such as heart failure

1062

due to high fistula flow may develop in the late
period after arteriovenous fistula surgery.
Thrombosis and stenosis are the most com-
mon complications [8, 9]. High arteriovenous
flow, upstream venous stenosis, and repeated
dialysis needle insertion attempts may lead to
venous aneurysm formation by causing degen-
erative changes of the vein wall [2]. The forma-
tion of aneurysm and stenosis can be reduced
by prolonging the needle intervention area
used for dialysis and by performing interven-
tions from different regions. Thrombus within
the aneurysmal sac and inadequate hemodialy-
sis may develop due to reduced AVF flow
caused by venous stenosis. Complications
such as aneurysmal sac enlargement, infec-
tion, skin atrophy, ulceration, and bleeding may
occur in further stages [3].

Conventional methods for repairing AVF aneu-
rysms include aneurysm resection followed
by primary anastomosis or synthetic graft inter-
position [10]. In recent years, endovascular
methods have been successfully used to
exclude the aneurysmal AVF sac. Temporary
dialysis catheters may be required to meet the
need for dialysis in the early stages of these
treatments. In patients in whom the aneurys-
mal sac is excluded by a coated stent graft,
skin disorders (such as ulceration, necrosis,
and atrophy) that are caused over time by the
aneurysmal sac also continue [11]. In our study,
the surgical plan was marked on the patient’s
skin under surgeon-performed preoperative US
guidance. Thus, the patients underwent surgi-
cal interventions with the smallest incisions
and with the least tissue trauma possible. If
necessary, debridement and correction were
also performed to improve cosmetic impair-
ment on the skin. Thus, the patients were freed
from both their pains and ugly looking masses.
We found that the 24-month primary patency
rates in Group 1 with AVF stenosis and Group 3
with AVF aneurysm were 81.3% and 70.8%,
respectively.

Patients with previous vascular access loss
may be more prone to thrombosis due to ana-
tomic abnormalities, thrombophilic disorders or
venous intimal hyperplasia [12]. Seong Cho et
al. reported that the US added to physical
examination decreased the need for angiogra-
phy in hemodialysis patients [13]. Patel et al.
recruited 48 patients with AVF aneurysm into
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their study and evaluated these patients by
fistulogram 90% of these patients underwent
percutaneous angioplasty. While 56% of the
patients had one venous outflow stenosis,
44% had two or more stenoses requiring inter-
vention. While 64% of the patients underwent
a single-stage open repair, 36% underwent a
two-stage treatment. 23% of the patients
require a permanent dialysis catheter until the
fistula was ready to be used surgically. In this
study, Patel et al. consequently reported that
all AVF aneurysms were effectively treated and
that the patients maintained dialysis access
patency when they were improved. They also
reported that the use of a catheter in patients
with multiple aneurysms would reduce the
need for dialysis catheters [10].

In our study, surgical planning in addition to
physical examination was performed by sur-
geon-performed US. The incision regions on the
patient’s skin and the localization line of AVF
graft newly created during reconstruction were
marked. In patients undergoing graft interposi-
tion, it was performed by creating a tunnel from
a new localization in the outer zone of the aneu-
rysmatic area. Preoperative angiography was
not performed in our study group. All patients
underwent physical examination and surgical
planning under surgeon-performed US guid-
ance. In Group 2 (AVF thrombosis), we found
that fistula primary patency rates at 1, 6, 12
and 24 months after surgical reconstruction
were 55.6%, 22.2%, 22.2% and 22.2%, res-
pectively. We think that the possible reasons
for this may be predisposition to thrombosis
and subclavian vein and superior vena cava
stenosis in cases where complete evaluation
with US is inadequate. We think that angio-
graphic examinations may contribute to diagno-
sis and AVF success in a limited number of
patients, particularly in patients with throm-
bosed AVFs (Group 2). However, we consider
that physical examination and surgeon-per-
formed US are sufficient in the other patient
groups. In addition, the PTFE graft material we
used could be used for dialysis 24 hours after
the operation. As a result of the surgical inter-
ventions we performed, we needed a new dialy-
sis catheter in 4 (4/67) of our patients in total
(group 2 two patients, group 3 two patients).
The greatest advantage of this low rate for
patients is that many patients are protected
from complications due to a new catheter
intervention.
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The advantage of US imaging for the planning
of vascular access in hemodialysis has been
emphasized in many studies [14, 15]. In one
study, a patient with two different patent AVFs
was evaluated. This study has indicated that
outcomes of vascular access surgery may
improve with surgeon-performed preoperative
US [16]. The detailed preoperative fistula map-
ping in vascular access dysfunction may allow
optimal surgical intervention and contribute to
the success of fistula reconstructions. In addi-
tion to physical examination performed by the
surgeon conducting the surgery in dysfunction-
al AVFs due to various reasons, US mapping of
the AVF is very important in defining the com-
plex anatomy. We consider that surgeon-per-
formed US will be effective in determining the
optimal surgical approach among many differ-
ent surgical techniques. In addition to all these,
it can reduce the need for new dialysis cathe-
ters because it allows early re-dialysis from the
vessel intervened with minimal incisions.

In our country, AVF is generally evaluated and
reported by radiology specialists. Many sur-
geons perform surgery planning according to
these reports. As in our study, all vascular
structures are observed and assessed without
intermediaries in the evaluation of fistula with
surgeon-performed US. Thus, the surgeon can
anatomically dominate dysfunctional AVFs and
designs more easily the optimal minimal surgi-
cal plan for the patient. We think that US map-
ping of the fistula performed by the surgeon
and the presence of a previously maturated
fistula line were effective in high fistula paten-
cy rates. Because we believe that a distally
opened AVF (radiocephalic) can help the matu-
ration of proximal vessels in new fistulas being
opened from proximal in the future or in fistula
pathologies requiring reconstruction. For this
reason, we should consider reconstruction
options for fistula rescue in AVF dysfunction.

Fistula ligation in AVF dysfunction is the easiest
and most common procedure. However, the
revival of dysfunctional AVF has great value for
hemodialysis patients who already have limit-
ed vascular reserve. Ligation is the simplest
method for the treatment of distal ischemia
due to arteriovenous fistula in high-flow fistu-
las. However, it causes the loss of the fistula
that can be reused with the necessary correc-
tion. The narrowing of the arteriovenous fistula
with banding technique both improves the dis-
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tal perfusion and maintains the use of a func-
tional fistula. However, the risk of developing
thrombosis after narrowing is high [17]. In our
study, we determined that the 24-month pa-
tency rate in 10 patients undergoing banding
was 90%. We performed banding procedure
with a small incision of 2-3 cm (Figure 3B).
Thus, our patients could use their AVFs after
this procedure.

In a previous study, it has been recommended
that the radial artery diameter is 1.6-1.9 mm
and the radial vein diameter is 2-2.4 mm,
although uncertainties regarding US parame-
ters that predict the success of a fistula are
present. Moreover, it has been argued that
preoperative US is the best imaging method
to plan the operation for vascular access in a
radiocephalic AVF and to predict its success
[18].

In another study conducted on aneurysm repair
by Cingdz et al., they found that the 3-year
patency rate was 100%. They have suggested
that high fistula patency rate is due to the use
of a short segment graft 37 (11) mm [19]. In
our study, complicated AVF anatomy, vascular
pathologies, and newly created fistula mapping
were marked on the patient’ skin by surgeon-
performed preoperative US. In our patients, a
5-30 cm long graft was used. In Group 3 (AVF
aneurysm), we found that the 24-month pri-
mary patency rate was 70.8%. In Group 1 (AVF
stenosis), we found that the 24-month primary
patency rate was 81.3%. The 24-month primary
patency rate was 22.2% in Group 2 (AVF throm-
bosis), 90% in Group 4 (high-flow AVF) and 75%
in Group 5 (deep basilic vein AVF), respectively.
Among these groups, we found the lowest
2-year primary patency rate (22.2%) in the
thrombectomy group. The 2-year primary paten-
cy rates in the other groups ranged from 70.8%
to 90%. These results suggest us that the dem-
onstration of the pathology by surgeon-per-
formed US and the appropriate surgical plan-
ning made for this give favorable outcomes in
the treatment of patients with dysfunctional
AVFs and limited vascular structures.

Basilic vein transposition (BVT) is a technically
challenging surgical procedure. The maturation
period is relatively longer, and there is a higher
risk of developing wound complications. In a
study conducted in 56 patients undergoing
BVT, it was found that the average maturation
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time of AVF was 74 days (range 12-265 days)
and that there was poorer maturation in BVT
fistulas in patients over 60 years of age. In addi-
tion, it was determined in the same study that
21 (38%) patients had maturation failure and
that the 1-year primary and secondary patency
rates were respectively 35% and 47% [20]. In
our study, we performed BVT in 8 patients in
Group 5. BVT made AVFs are brachiobasilic
AVFs that actively operate but cannot be used
for vascular access due to their deep place-
ment. We transposed the basilic vein to the
subcutaneous level in order to provide success-
ful and regular dialysis intervention through
these dysfunctional AVFs. In these patients, fis-
tula primary patency rates at 1, 6, 12 and 24
months after surgical reconstruction were
100%, 87.5%, 75% and 75%, respectively. The
patients with a preoperative dialysis catheter
used their catheters for one month postopera-
tively and then reconstructed AVFs. When com-
pared with the other study, the 24-month
patency rate in our patients was higher. We
think that the reason for this difference is that
brachio-basilic AVF was created in the past peri-
od in our patients and they had a completely
maturated fistula.

In conclusion, our primary goal in all patients
with vascular access dysfunction was to main-
tain the AVF. Leaving patients with vascular
access dysfunction to fate (no intervention) or
AVF ligation is always simpler and easier.
However, it should not be forgotten that sourc-
es for vascular access are limited in these
patients. Rather than creating a new fistula
from a different localization, the primary target
is to reveal the vascular access pathology in the
AVF by physical examination and surgeon-per-
formed detailed US. The number of patients is
limited, however reconstruction of dysfunction-
al AVFs with the optimal surgical planning using
minimal incisions is often possible for the sur-
geon who understands the vascular access
pathology in the AVF.
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