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Abstract

Aim: In patients whose life is dependent on hemodialysis, the most suitable vascular access routes are arteriovenous fistulas made with
native vessels. However, in patients whose natural vessels are depleted, or not suitable, arteriovenous fistulas can be opened with
artificial grafts. Our aim is to examine arteriovenous fistulas opened with synthetic grafts in hemodialysis patients who do not have
native vascular access in the upper extremity and share our results.

Methods: Patients who underwent opening of an arteriovenous fistula with a synthetic graft to the upper extremities in Adiyaman
University Faculty of Medicine, Cardiovascular Surgery Clinic between December 2012 and December 2018 were examined in this
retrospective cohort study. They were screened for age, gender, end-stage renal failure etiology, complications in vascular access site,
postoperative follow-up, and duration of use. Primary and secondary patency rates were determined.

Results: It was determined that synthetic grafts were used in 33 (15 males, 18 females) out of 436 arteriovenous fistulas (AVF) opened
to 372 patients. The mean age was 59.2 (17) years. Left radiocephalic (RC) straight graft fistula was opened in 2 patients, left
brachiocephalic (BC) straight graft fistula was opened in 12, left BC distal loop AVF in 13, right BC distal loop AVF in 1, left
brachioaxillary (BA) distal loop AVF in 3 and right BA distal loop was used to open an AVF in 2 patients. Primary cumulative patency
rates were as follows: 72% in the 3" month, 65% in the 6 month, 42.24% in the 12" month. The secondary patency rates were 33.9% in
the 60™ month, 12% in the 60" month, 96.96% in the 12" and 24™ months, 90.28% in the 36" and 48" months, 59.12% in the 60" month
and 43.11% in the 72" month.

Conclusion: In chronic renal failure patients who do not have a natural vascular access routes or whose natural routes have been
exhausted, AVFs that are opened to the upper extremities with a synthetic graft are suitable vascular access routes for long-term dialysis.
Keywords: Chronic kidney failure, Hemodialysis, Synthetic graft, Arteriovenous fistula

Oz

Amag: Yasami hemodiyalize bagimli hastalarda, en uygun vaskiiler erisim yolu nativ damarlar ile yapilan arteriyovendz fistiillerdir.
Ancak dogal damarlari tiikenen veya uygun olmayan hastalarda, yapay greftler ile arteriyovendz fistiiller agilabilir. Amacimiz st
ekstremitede vaskiiler erisim yolu olmayan hemodiyaliz hastalarinda sentetik greft ile agilan arteriyovendz fistiilleri incelemek ve
literatiir esliginde sonuglarimizi paylagmaktir.

Yéntemler: Calisma retrospektif kohort galismasi olarak tasarlandi. Aralik 2012-Aralik 2018 tarihleri arasinda Adiyaman Universitesi
Tip Fakiiltesi Kalp ve Damar Cerrahisi Klinigi’nde st ekstremitelere sentetik greft ile arteriyovendz fistiil agilan hastalar incelendi.
Hastalar yas, cinsiyet, son donem bobrek yetmezligi etiyolojisi, komplikasyonlar vaskiiler erisim bolgesi, postoperatif takip ve kullanim
siiresi agisindan tarandi. Birincil ve ikincil agiklik oranlari belirlendi.

Bulgular: Toplamda 372 hastaya agilan 436 arteriyovendz fistillden 33 (15 erkek, 18 kadin) hastaya sentetik greft ile arteriyovendz fistiil
(AVF) agildiz1 tespit edildi. Yas ortalamast 59.2 (17) Idi. Hastalarin 2’sinde sol radiyosefalik (RC) diiz, 12’sinde sol brakiosefalik (BC)
diiz greft AVF, 13’iinde sol BC distal loop AVF, 1’inde sag BC distal loop AVF, 3’tinde sol brakioaksiller (BA) distal loop AVF ve
2’sinde sag BA distal loop ile AVF agildigi goriildii. Primer kiimiilatif agiklik oranlari; 3. ayda %72, 6. ayda %65, 12. ay %42,24. ayda
%33, 60. ayda %12 iken sekonder agiklik oranlari 12 ve 24. aylarda %96,96, 36 ve 48.aylarda %90,28, 60. ayda %59,12 ve 72 ayda
%43,11 idi.

Sonug: Nativ vaskiiler erisim yolu olmayan veya tiikenen kronik bébrek yetmezligindeki hastalarda, tist ekstremitelere sentetik greft ile
agilan AVF’ler, uzun siire kullanilabilen diyaliz erigim yolu saglayan, uygun bir vaskiiler erigim yoludur.

Anahtar kelimeler: Kronik bébrek yetmezligi, Hemodiyaliz, Sentetik greft, Arteriyovendz fistiil
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Introduction

Hemodialysis is one of the most common renal
replacement methods in patients with end-stage renal failure.
Despite the modern methods and techniques used, the average
life expectancy of these patients is higher than deaths due to
malignancy [1].

Avrteriovenous fistula (AVF) applications, described and
developed by Brescia and Cimino in 1966, remain popular in
hemodialysis patients [2].

Some patients are not suitable for creating arteriovenous
fistulas with autologous veins. Although various methods are
developed for renal replacement in such patients, such as jugular,
subclavian, femoral transient or permanent hemodialysis
catheters and peritoneal dialysis catheters, they are not as healthy
as native vein AVFs [3].

Specially manufactured artificial
polytetrafluoroethylene (PTFE) grafts are used for long-term
vascular access in patients with or without depletion of
autologous vascular access in the upper extremities [4]. In 1976,
Baker LD et al. studied PTFE grafts for dialysis, after which the
use of these grafts increased gradually [5].

Our aim in this study was to examine the AVFs we
opened with synthetic grafts in patients whose veins were
depleted due to multiple AVFs or those whose autologous veins
were not suitable and share our experiences.

Materials and methods

This retrospective cohort study started after the approval
of Adiyaman University Non-Interventional Clinical Research
Ethics Committee was obtained (Date: 1/14/2020, number
2020/1-4). Patients who had AVF opened to the upper
extremities between December 2012 and December 2018 were
reviewed. None of our patients died during the procedure.
However, patients who died during the 6-year follow-up due to
comorbid conditions were excluded from the study. The data
were gathered electronically from patient files in the hospital
registry. Demographic data, surgical complications, physical
examination findings, target vascular structures (artery and vein
structure where the graft was interposed) were identified and
defined. The most frequently used vascular structures, the
reasons for the choice of vessel and its differences were
investigated technically.

Definitions

Radiocephalic Straight AVF: AVF in which the graft is
interposed between the radial artery at the wrist level and the
cephalic vein or antecubital vein in the antecubital region (Figure
1A).

Brachiocephalic Straight AVF: AVF where the graft is
interposed between the brachial artery in the antecubital region
and the region where the cephalic vein pours into the axillary
vein (Figure 1B).

Brachiocephalic distal loop AVF: AVF, where the graft
is interposed between the brachial artery and the brachial vein in
the antecubital region and opened by creating a distal loop
(Figure 1C).

Brachioaxillary distal loop AVF: AVF in which the
graft is interposed between the brachial artery and the axillary
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vein in the axillary region and opened by creating a distal loop
AVF (Figure 1D).

Primary and secondary patency rates of grafts were
recorded. The primary patency rate was defined as the time
between the date when the AVF was first opened and when it
became dysfunctional for several reasons. Secondary patency
rate was defined as the time when the graft was re-functionalized
and the time until the second intervention.

Statistical analysis

Statistical analysis to determine patency rates was
performed with the Kaplan-Meier method using Graphpad Prism
8.0.2 (La Jolla, CA: GraphPad Software, Inc., accessed at
http://www.graphpad.com/scientific-software/prism/). SPSS 22.0
program was used for data analysis. Continuous variable results
were reported as mean (standard deviation (SD)). Categorical
variables were compared using chi-square homogeneity test and
expressed as count and percentage. P-value <0.05 was
considered statistically significant.

Figure 1: Graft localization. A: Arteriovenous fistula (AVF) with radiocephalic (RC) straight
graft, B: AVF with brachiocephalic (BC) straight graft, C: AVF with brachiocephalic (BC)
distal loop graft, D: AVF with Brachioaxillary (BA) distal loop graft

Results

The 72-month follow-up results of the patients were
examined by scanning patient files. It was determined that a total
of 33 patients (15 men, 18 women) had AVFs opened with
polytetrafluoroethylene (PTFE) early dialysis grafts to the upper
extremity by a single surgical team. The demographic and
operative features of the patients are given in Table 1. The mean
age was 59.2 (17) years. All patients had at least 3 previous
AVFs opened to both upper extremities and none had a chance of
native AVF. In AVFs opened with a native vein before the graft,
basilic vein transposition was performed. The patients were
homogeneously distributed in terms of gender (P=0.273).

Two (6.06%) patients had left-RC AVF, 12 (36.36%)
patients, left-BC straight graft AVF, 13 (39.39%) patients, left-
BC distal loop AVF, 1 (3.03%) patient, right-BA distal loop
AVF, 3 (9.09%) patients, left-BA distal loop AVF and 2 (6.06%)
patients had AVF with right BA distal loop graft.

There was no homogeneous distribution in terms of
graft localization and position (P<0.001). The rate of left
forearm AVFs (84.84%) were significantly higher than left upper
arm AVFs (6.06%) and right forearm AVFs (9.09%) (P<0.001).
The rate of left BC straight AVFs (36.36%) and left BC distal
loop AVFs (39.39%) were significantly higher than other graft
positions (P<0.001).

It was understood from the file screening that
hypertension, diabetes mellitus and glomerulonephritis were the
causes of kidney failure (Table 1). Comorbid features of the
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patients are summarized in Table 2. The most common

accompanying diseases were atherosclerosis and hypertension.
Table 1: Demographic and operative features

Mean (SD) P-value
Age(year) 59.2 (17)

n (%) P-value
Gender
Male 15 (45.45%)  0.273
Female 18 (54.54%)
Graft localization
Left upper arm 2 (6.06)
Left forearm 28 (84.84) <0.001
Right forearm 3(9.09)
Graft position
Left RC AVF 2 (6.06)
Left BC straight graft AVF | 12 (36.36)
Left BC distal loop AVF 13 (39.39) <0.001
Right BC distal loop AVF 1(3.03) ’
Left BA distal loop AVF 3(9.09)
Right BA distal loop AVF 2 (6.06)
The cause of kidney failure
Diabetes mellitus 16 (48.48)
Hypertension 20 (60.60) 0.024
Glomerulonephritis 6 (18.18)

* Chi square homogeneity test was used, RC: Radiocephalic, BC: Brachiocephalic, BA: Brachioaxillary,
AVF: Arteriovenous fistula

Table 2: Comorbid features of patients

Hypertension 20
Diabetes mellitus 16
Coronary artery disease 12
Morbid obesity (BMI >40) | 7
Hyperlipidemia 5
Atherosclerosis 24

n: Frequency, BMI: Body mass index

Early and late complications are summarized in Table 3.
The most common early complication was edema. It was found
that 2 patients were taken for revision and thrombectomy within
the early period (first 48 hours) due to bleeding and 3 patients
due to graft thrombosis. Two patients presented to the outpatient
clinic in the first 3 months with ischemic pain and were followed
up with medical treatment. In the eighth month, one of our
patients developed steal syndrome (Figure 2) and AVF was
closed due to high flow (Figure 3) on Doppler ultrasonography.
Another patient developed pseudoaneurysm (Figure 4) and

underwent pseudoaneurysm repair (Table 3).
Table 3: Early / late complications and treatment

L 4
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Early (first 48 hours) n Treatment
Bleeding /hematoma 2 Follow-up

Graft thrombosis 3 Thrombectomy/revision
Edema 6 Follow-up

In the first 2 months

Graft thrombosis 5 Thrombectomy
Infection 1 Antibiotics
Cellulite 1 Antibiotics
Ecchymosis 4 Follow-up
Ischemic pain 2 Medical treatment
Late (6 months-2 years)

Graft thrombosis 16  Thrombectomy
Pseudoaneurysm 1 Repair

Steal syndrome 1 Closure of AVF

AVF: Arteriovenous fistula

In the 72-month follow-up of the patients, the
cumulative primary patency rates were as follows: 72% at 3
months, 65% at 6 months, 42% at 12 months, 33% at 24 months,
12% at 60 months. There was no open fistula at the 72" month
(Figure 5). Cumulative secondary patency rates were 96.96% for
12 and 24 months, 90.28% for 36 and 48 months, 59.12% for 60
months, and 43.11% for 72 months (Figure 6).

Arteriovenous fistula with grafts
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Figure 2: Steal Syndrome in brachiocephalic (BC) distal loop graft fistula
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BC straight AVF

Figure 4: Pseudoaneurysm in brachiocephalic (BC) straight graft arteriovenous fistula (AVF)
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Figure 6: Secondary graft patency rates

The patients in this study consisted of those who had
multiple previous AVFs opened to their upper extremities, which
all became dysfunctional for several reasons over time, and there
was no chance of opening an AVF with other appropriate native
veins in the upper extremities. Early dialysis grafts with 4 mm in
the arterial side and 7 mm in the venous side were used to
prevent ischemia in the hands and fingers. All patients underwent
under local anesthesia, 5000 IU heparin was applied before
vascular clamps were placed, and no patients were started on
prophylactic antibiotics.
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Discussion

The preferred vascular access route for hemodialysis is
an AVF. For this reason, arteriovenous fistulas, which can be
used for a long time for hemodialysis, are vitally important in
patients whose lives are dialysis-dependent [6].

However, AVFs cannot be created with native veins in
every patient. In the absence or inadequacy of native vessels,
artificial grafts can be used for AVF creation in these patients, as
needed [7,8].

Patients with end-stage renal disease face multiple AVF
openings to the upper extremity throughout their lifetime. The
reason for this is that AVFs that open become dysfunctional over
time due to thrombosis, infection, and aneurysm. When opening
AVFs, the most distal part of the nondominant arm is preferred.
RC AVFs created between cephalic vein and radial artery at
wrist level are the most preferred routes due to high patency rates
[2,9].

Parenteral treatments applied in chronic diseases or
repeated multiple vascular interventions for hemodialysis destroy
the vessels. For this reason, surgeons have searched for new
ways. Microstructured ePTFE grafts with biological structures
are the most frequently used artificial grafts for this purpose [10].
These grafts are interposed by passing through a tunnel formed
under the skin and forming a straight or U-shaped loop between
the artery and vein [11]. While creating AVF with a graft,
although there are individual factors, the most preferred artery in
the antecubital region is the brachial artery. The most preferred
veins include the cephalic vein in the antecubital region and
cephalic vein at the axillary region, just before pouring into the
axillary vein [11,12].

In our series, 31 of 33 patients had BC AVF. Twelve of
these were straight BC grafts, 14 were distal loop BC grafts and
5 were distal loop BA grafts. Our reason for choosing BA distal
loop in the last 5 patients was the intense scar tissue which
developed due to multiple AVFs that were opened and
thrombosed on the forearm. The antero-lateral part of the upper
arm was preferred for comfortable cannulation while creating a
loop in this region.

The most common complication in PTFE grafts is
venous stenosis and thrombosis due to neointimal hyperplasia
[13,14].

Dialysis patients must be dialyzed 2 or 3 times a week.
For this purpose, complications such as hematoma, bleeding or
pseudoaneurysm may also occur due to repeated needle
injections to the grafts [7].

The most common early complications were edema and
graft thrombosis in our study series. Three patients underwent
thrombectomy in the first 48 hours due to graft thrombosis, 2 of
which had AVFs opened with RC straight grafts. Thrombosis
was associated with a diameter mismatch between the graft and
artery. These two patients were observed to use these fistulas for
more than two years (secondary patency rates were 50% at 36
months) after thrombectomy and revision. The other patient had
a distal loop BA AVF and the graft was thrombosed due twisting
in the loop region. For this reason, we believe that such
complications can be avoided if the loop area is formed with a
wide angle while the graft is passed through the tunnel created
under the skin.

Arteriovenous fistula with grafts
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Another important complication that required the
closure of AVF in our series was steal syndrome in 1 patient, in
whom the fistula was closed because of severe ischemia in the
outpatient control at the 8™ month. The fistula flow rate was
measured at 2408 ml/min on colored venous doppler
ultrasonography.

Infection rates in PTFE grafts have been reported
between 1% and 13% in various series. This is due to compliance
with asepsis-antisepsis rules during nursing care and graft
cannulation. In our series, our infection rate was 3%, compatible
with the literature [15,18].

Pseudoaneurysm is usually caused by degenerative
damage to the graft due to repeated cannulations. This
complication presents with difficult cannulation, severe pain, and
cosmetic problems. While pseudoaneurysm has not been
reported in some studies, it has been reported as 23% in others
[17,19,20].

In our study, the rate of pseudoaneurysm was limited to
1 patient (3%), who was underweight and had developmental
retardation. Surgical repair of the pseudoaneurysm failed due to
graft infection, and the graft had to be removed.

Hematoma and edema may occur in the relevant
extremity when the graft is passed through the created tunnel
under the skin. For this reason, there are publications defending
that cannulation should begin after 2-3 weeks of maturation
period [17].

However, all patients in our series were cannulated
within the first week. The reason for this was attributed to the
feature of the used graft. We used 4x7 mm early dialysis grafts,
which allow cannulation within the first week [14].

The rate of thrombosis in artificial grafts is 6 times
higher than that of native vein AVFs despite the advances in
graft technology [7].

Early thrombosis that develops in PTFE grafts is usually
caused by surgical technique. In the late period, it is due to
intimal hyperplasia, stenosis in venous anastomosis, poor blood
flow, hypercoagulability, inappropriate pressure on the graft after
dialysis, hypovolemia, and hypotension. The risk increases in
diabetic individuals [21]. The one-year primary patency rates of
PTFE grafts are between 46% and 68% in the literature
[7,22,23].

The primary patency rates were 100% in the first 3
months in BC straight graft patients in our study, 91.6% at 6
months, 75% at 9 months, and 66.7% at 12 months. This rate was
78.5% in the 3 month, 71.4% in the 6", 50% in the 9" and
42.8% in the 12" month in BC distal loop AVF, all of which
were coherent with the literature [23]. The primary patency rates
were 25% at the 3", 61 and 9™ months in patients with BA distal
loop AVF and there was no open fistula at the 12 month. The
secondary patency rates of patients in this group were 60%. The
RC straight graft patients had 50% patency at the 3 and 6™
months, and there was no primary open fistula at the 9™ month.
The cumulative primary patency rates in our series were 72% in
the 3@ month, 65% in the 6! month, 42% in the 12" month, 33%
in 24" and 12% in the 60" month. There was no open primary
fistula in the 72" month. Our secondary cumulative patency
rates were 96.96% at the 12" and 24" months, 90.28% at the 36™
and 48" months, 59.12% at the 60™ month, 43.11% at the 72"
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month, all of which were similar to those reported in the
literature. 1t would be safe to say that our late results were better.
The decreased primary patency rates in the first year, compared
to the literature, were related with the low rates in RC straight
and BA distal loop graft AVFs. This was because of the low
opening rates of RC fistulas due to the incompatibility of radial
artery diameter with the graft and difficult cannulation in BA
distal loop AVFs [24]. Patients in this group had cannulation
problems due to morbid obesity.

We believe that nurses should be able to reach vascular
maps during dialysis after the AVF is created with a graft.
Otherwise the errors in arterial and venous cannulation will
result in inadequate dialysis while the patient is connected to the
hemodialysis machine and the patient will require multiple
vascular interventions, both of which will decrease the life of the
graft.

Our study center is the only one which provides venous
access to dialysis patients in the area, along with dialysis
services. Surgeries are usually performed by a single surgical
team and patient records are kept digitally. Considering factors
such as timely and necessary intervention of complications and
patient follow-up, we think it is important both to open the
patient's fistula and to perform dialysis in a single center.

Limitations

The most important limitation of our study is its single-
centered design. Compared to similar studies, the number of
patients was sufficient, and we did not find any similar studies in
the literature reporting 6-year follow-up results in a single center,
which is the strength of our study.

Conclusion

When forming an AVF with a graft, we recommend
preferring the brachial artery and cephalic vein in the antecubital
region, followed by the cephalic vein in the axillary region. We
believe that PTFE grafts can be used with low complications for
long-term vascular access with correct surgical technique,
appropriate  vessel selection and proper cannulation for
hemodialysis patients.
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