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Abstract
Vascular access is the lifeline of hemodialysis patients. There are great differences in the establishment and use of vascular
access in different countries and regions around the world. We believe that on the basis of good evaluation and planning, it is
recommended that hemodialysis patients choose native arteriovenous fistula first. In view of the new progress of vascular access
views domestic and international at home and abroad in recent years, we organized experts to recommend the establishment and
maintenance of arteriovenous fistula (AVF) for the Chinese population, including preoperative evaluation and planning of the
establishment of AVF, AVF surgery, perioperative drug intervention measures and postoperative maintenance, and put forward
suggestions for future research directions. The recommendations in this consensus are general and clinicians need to make
treatment decisions based on the actual situation.
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Vascular access is the lifeline of hemodialysis (HD)
patients. Vascular access requires careful evaluation and
planning by the medical staff and adequate training and
education of the patients, allowing them to participate in
the maintenance and management of vascular
access.1e3 Currently, there are considerable differences
in the establishment and use of vascular access across
different countries and regions worldwide.4e9 The
Dialysis Outcomes and Practice Patterns Study
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Table 1

Expert consensus rating/evidence level for the establishment and

maintenance of autologous arteriovenous fistula.

Rating Meaning/methodological evidence supporting the

evidence

Recommendation level

Level 1 Definitely effective, implementable, and safe for

evaluation or diagnosis and treatment

Level 2 The effectiveness for treatment is controversial, and

more evidence is required

Unrated Expert opinions

Evidence level

A Evidence comes from multiple randomized controlled

trials or systematic reviews and meta-analyses

B Evidence comes from a single randomized controlled

trial or a large sample non-randomized study, multiple

observational studies, a subgroup of randomized

controlled trials, or post-event analysis and other

support

C Evidence comes from small sample studies,

retrospective studies, or expert opinions
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(DOPPS) showed that from 1996 to 2015 (DOPPS
1e5), the parts (forearm and upper arm) where arte-
riovenous fistula (AVF) is located in different countries
and regions have changed to varying degrees, and there
are huge international differences in the time to maturity
and the first puncture of AVF. The proportion of AVF
located in the forearm in Japan has remained above
93%. Although the proportion of AVF in the forearm in
Europe has shown a downward trend, it is still the most
common site. In the United States (US), as demon-
strated in the DOPPS Phase 3 and thereafter, there has
been a reversal manifested by decline in the proportion
of AVF in the forearm and increase in the proportion in
the upper arm.5 The median time until first successful
use of AVF is 10 days in Japan, 46 days in Europe, and
82 days in the US. However, the lifespan of AVF is the
longest in Japan.4 Thus, there are differences among
regions and populations regarding the establishment,
use, and maintenance of vascular access.

The 2019 Kidney Disease Outcomes Quality Initia-
tive (KDOQI) released a new version of the vascular
access guidelines (hereinafter referred to as KDOQI
guidelines). For most patients requiring HD, AVF is still
recommended as a priority. See section 2.13 and 2.14 of
the KDOQI guidelines for the detailed statements.3 AVF
for vascular access in dialysis patients has obvious ad-
vantages in terms of the quality of life, complications,
and primary and secondary patency rates. After
considering China's national condition and population;
results of domestic surveys and scholars' opinions10e14;
and at the same time, based on the recommendations of
the 2015 Japan Society for Dialysis Therapy (JSDT)
Vascular Access Guidelines, 2018 Vascular Access
Guidelines of The European Society for Vascular Sur-
gery (ESVS), 2019 KDOQI Guidelines, and other
vascular access guidelines, we recommend AVF as the
preferred option for HD patients after adequate evalu-
ation and planning. At present, there has been great
progress in the field of HD in mainland China, which
ranks first in the world in the number of HD patients,
and the number is still growing rapidly. In 2014 and
2019, mainland China successively published two edi-
tions of a consensus on vascular access, which has
played a positive role in the development of domestic
vascular access. Postoperative maturity of AVF is
affected by multiple factors such as gender, age, dia-
betes, vascular diameter, as well as its expandability and
surgical skills.4,5,15e21 There are still several opinions
on the establishment and maintenance of AVF that have
not yet reached a consensus. Some treatments still lack
adequate support based on evidence-based medicine. In
addition, the KDOQI guidelines have changed from
recommending the concept of “internal fistula first” to
“patient first.” Therefore, we aimed to establish a new
consensus on AVF establishment and maintenance.

The literature search for this consensus included the
following: (1) English literature databases: Medline,
Embase, Web of Science, Cochrane Library, Ovid; (2)
Chinese literature databases: Chinese Medical Current
Content (CMCC), Wanfang Data Resource System
(WANFANG DATA), Chinese Science and Technology
Journal Full-text Database (VIP), China Evidence-
Based Medicine/Cochrane Central Database (CEBM/
CCD), China Journal Full-text Database (CJFD), China
Biology Medicine disc (CBM), China National
Knowledge Infrastructure (CNKI); and (3) Main search
terms: end stage renal disease (ESRD), end-stage
kidney disease, chronic kidney disease (CKD), HD,
vascular access, arteriovenous fistula, AVF, guidelines,
China, Chinese, consensus, nursing.

Evidence evaluation: In view of the insufficient
number of domestic AVF studies and small number of
relevant research samples, the recommendation level
was divided into three levels, evidence level was
divided into three levels (Table 1), and recommenda-
tions were made based on the preoperative assessment
and planning for AVF, surgical implementation, post-
operative intervention and nursing, and other chapters.
We also discuss the corresponding evidence and finally
propose future research directions. The recommenda-
tions in this consensus are general and not specific
regimens. Medical staff should perform individualized
operations based on the needs of patients and condi-
tions of the medical institutions they are located in.
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Consensus content

1. Preoperative assessment and planning for
establishment of AVF

1.1. Knowledge, education, and informed commu-
nication on AVF, which allow patients to understand
the principles behind various vascular access methods
and the possible risks/pros and cons, in order to ensure
their greatest understanding and participation. (2B)

1.2. Before surgery, the general condition of the
patient should be assessed, history of vascular access
and invasive operations of the blood vessels should be
obtained, contraindications should be excluded, phys-
ical examination should be performed, and the relevant
blood vessels should be evaluated. (1A)

1.3. Routine Doppler ultrasonography should be
used to check the blood vessels related to the operation
before surgery. Information on the internal diameter of
the arteries and veins, length of the puncturable blood
vessels, route and trajectory of the blood vessels,
branched veins, and venous valves should be extracted.
Patients with a history of complicated vascular access
or suspected central venous disease revealed using
physical examination require further angiography.
The angiography method can be selected from mo-
dalities such as digital subtraction angiography (DSA),
computed tomography angiography (CTA), and mag-
netic resonance angiography (MRA), depending on the
resources of the medical institution where the surgeon
is based and the patient's general condition. (1B)

1.4. Preoperative inner diameter of the radial artery
and cephalic vein (after tourniquet binding) � 2.0 mm
may be considered an indication for surgery and
further evaluation should be performed; if the preop-
erative inner diameter of the radial artery and cephalic
vein (after tourniquet binding) < 2.0 mm, surgery
should be carefully considered; if the preoperative
inner diameter of the radial artery and cephalic vein
(after tourniquet binding) < 1.5 mm, surgery should be
avoided or other blood vessels (surgical methods)
should be selected as far as possible. (Unrated)

1.5. Elderly patients with CKD who have no
obvious contraindications to AVF can routinely un-
dergo preoperative assessment and planning, followed
by AVF surgery; however, the inner diameter of the
blood vessel is generally required to be �2.5 mm. (2B)

2. AVF surgery
2.1. A multidisciplinary team (MDT) should be

established for vascular access. Team members should
include nephrologists or HD physicians, vascular sur-
geons, sonographers, radiologists, and HD specialist
nurses. The team members should collaborate based on
the division of work to improve the success rate of
AVF. (Unrated)

2.2. It is feasible and beneficial to use nerve block
anesthesia for AVF surgery. (2B)

2.3. Physicians who are skilled in the operation can
independently perform AVF surgery. (1A)

2.4. It is recommended that end-to-side anastomosis
be adopted for AVF vascular anastomosis in the distal
forearm, while end-to-side and side-to-side methods
may be used for an upper arm AVF vascular anasto-
mosis. Additionally, individualized operations should
be performed based on the patient's vascular conditions
and the surgeons' experience. (2C)

2.5 NO-Touch technology is feasible for vascular
anastomosis in AVF. (Unrated)

3. Perioperative drug intervention measures
3.1. Antiplatelet drugs (including aspirin and clo-

pidogrel), statins, and fish oil are not routinely rec-
ommended during the perioperative period for AVF.
(2B)

3.2. Beraprost can be selectively used after AVF
surgery. (2B)

4. Postoperative maintenance
4.1. Routine health education should be provided

after AVF surgery to improve the self-management
ability of patients. Appropriate physical exercises
should be recommended after AVF surgery. (1B)

4.2. Successful puncture after AVF and meeting the
needs of HD are considered maturation of AVF. The
use of plastic cannula for puncture after AVF surgery
is beneficial for the maintenance of internal fistula,
especially in the early stage of internal fistula use. (2C)

4.3. After the use of mature AVF, regular Doppler
ultrasound examinations are reasonable. (Unrated)

4.4. The specialized training of HD nurses should be
strengthened, AVF patients should undergo routine
physical examination before each puncture, and further
intervention should be provided when abnormalities
are found, which is conducive to AVF maintenance.
(1C)

Description of the consensus

1. Preoperative assessment and planning for the
establishment of AVF

1.1. Knowledge, education, and informed
communication on AVF, which allow patients to
understand the principles behind various vascular
access methods and the possible risks/pros and cons,
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in order to obtain their greatest understanding and
participation. (2B)

Maintenance HD is a long-term and regular treat-
ment. It is crucial for patients to have sufficient
knowledge and actively participate in the management.
In this regard, Japanese guidelines make detailed rec-
ommendations,1 including explaining the necessity,
work principles, and daily precautions of vascular ac-
cess to patients and their families. Furthermore, the
patient's understanding level is confirmed during the
explanation process. A domestic multi-center study on
the current status of AVF knowledge and related fac-
tors surveyed eight hospitals in Shanghai and enrolled
430 patients. The study showed that 53% of HD pa-
tients had a low level of AVF-related knowledge and
only 18.6% patients had attended lectures on internal
fistula.22

As vascular access is unfamiliar to new dialysis
patients, a health education plan needs to be developed,
which can be shown to patients in various ways such as
maps and videos. Provided that the privacy of other
patients is not infringed, protection against infections
is ensured, and if the medical resources permit, patients
can be allowed to visit the dialysis treatment area
and develop a more intuitive understanding of HD
and vascular access. Allowing patients to make their
own choices based on their own vascular conditions,
coexisting diseases, personal preferences, and other
comprehensive factors is in line with the concept of
“patient first”.3,23,24 In fact, this consensus does not
require much evidence, and we recommend it based on
clinical common sense.

Good communication is conducive to the diagnosis
and treatment of diseases and is also of considerable
value in reducing medical expenses.25 Communication
should include patients and their family members.
Under normal circumstances, HD patients require the
support of family members to face the issue together.
This is consistent both at home and abroad.

1.2. Before surgery, the general condition of the
patient should be assessed, history of vascular ac-
cess and invasive operations of the blood vessels
should be obtained, contraindications should be
excluded, physical examination should be per-
formed, and the relevant blood vessels should be
evaluated. (1A)

Before AVF surgery, history of kidney disease and
coexisting diseases must be fully clarified, especially
the history of invasive procedures closely related to the
operation, including central venous catheterization
(CVC), indwelling needles, peripherally inserted cen-
tral catheters, pacemaker implantation, and history of
surgical trauma. A study retrospectively analyzed 53
patients with a history of vascular access, including
CVC and internal fistula surgery, or chest varices and
other positive signs revealed using physical examina-
tion; among them, 21 patients underwent multiple AVF
operations, and the failure rate was very high.26

Physical examination has been recommended by
Italian scholars as the primary measure for vascular
assessment before AVF.27 A study in South Korea even
claimed that patients with satisfactory results of routine
physical examination demonstrated better AVF out-
comes.28 Before AVF surgery, the skin condition of the
upper limb selected for the operation, the front of the
chest, and thickness of the subcutaneous tissue should
be checked. Additionally, bilateral upper limb arteries
should be examined and compared for abnormal pul-
sation, along with performing the Allen test and
comparing the blood pressure of the upper limbs. The
veins (whether the upper arm veins are missing), length
of puncturable blood vessels, inner diameter and depth
of the blood vessels, position of the collateral veins,
and distance from the artery should be examined, in
addition to determining the expansibility of the veins
after tourniquet binding. Physical examination is the
most basic, economical, and effective method and
should be routinely performed before every AVF
operation.

1.3. Routine Doppler ultrasonography should be
performed to check the blood vessels related to the
operation before surgery. Information on the in-
ternal diameter of the arteries and veins, length of
puncturable blood vessels, route and trajectory of
the blood vessels, branched veins, and venous valves
should be extracted. Patients with a history of
complicated vascular access or suspected central
venous disease revealed using physical examination
require further angiography. The angiography
method can be selected from modalities such as
DSA, CTA, and MRA, according to the resources of
the medical institution where the surgeon is based
and the patient's general condition. (1B)

Physical examination, as a preliminary screening
for evaluating the blood vessels, has certain limita-
tions.26,29 For example, while visual inspection and
palpation can help to identify more venous conditions,
they cannot accurately assess the inner diameter of the
artery or determine factors such as the speed of blood
flow, and whether vascular calcification or plaques are
present, which are of great significance in determining
whether the internal fistula is mature.16,18,21 Doppler
ultrasound can verify the reliability of physical exam-
ination and provide more information about vascular
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access. A domestic retrospective cohort study analyzed
353 first-time AVF cases. The inner diameters of the
arteries and veins were measured on ultrasound, and it
was found that compared with 1/4 of the group with the
highest arterial diameter, 1/4 of the group with the
lowest inner diameter of the artery demonstrated an
increased risk of immature events (more than 34%).30

An Austrian retrospective study included 331 patients,
of which 114 were in the conventional Doppler ultra-
sound group and 217 were in the physical examination
alone group. The results showed that the primary AVF
patency rate was higher (62% vs. 26%), the AVF
intervention rate was significantly lower after surgery
(25.4% vs. 59.4%), and patient costs were significantly
reduced in the conventional Doppler ultrasound group
than in the physical examination alone group.31 In a
Japanese study, conventional preoperative Doppler ul-
trasonography was performed on 139 AVF patients
with an average follow-up of 2 years. The average
patency period was 448.6 ± 271.3 days. The 1-year
and 2-year patency rates were 64.0% and 51.2%,
respectively. It was concluded that preoperative ultra-
sound examination of the diameter of the radial artery
can predict the AVF patency rate.16 In an earlier study
in the US, which included patients who underwent
ultrasound for preoperative positioning, the proportion
of those who received AVF surgery increased from
34% to 64%, while that of useable internal fistulas
increased from 16% to 34%. Researchers believe that
conventional preoperative Doppler ultrasonography
before AVF surgery is beneficial for improving the
surgery rate and success rate of AVF.32

In recent years, studies on preoperative Doppler ul-
trasonography for internal fistulas had different sample
sizes and were mostly retrospective analyses, with the
quality of evidence generally low. Ultrasonic exami-
nation can give accurate information regarding the in-
ternal diameter of the arteries and veins, length of the
puncturable blood vessels, route and trajectory of the
blood vessels, condition of the communicating branches
of the superficial and deep veins, and make up for the
defects of physical examination, which can help to
avoid blindly performing operations. We have already
emphasized that vascular access requires reasonable
planning and maintenance by the medical staff, which
promotes long-term patient survival. Therefore, we
believe that both preoperative physical examination and
Doppler ultrasound should be routinely performed.

Patients with a history of complicated vascular ac-
cess or suspected central venous disease based on
physical examination require further angiography. The
three guidelines, including the Japanese vascular
access guidelines, European vascular access guide-
lines, and the KDOQI guidelines, make recommenda-
tions regarding this. Considering the invasiveness,
potential risks, and other factors involved in a venog-
raphy operation, this consensus does not recommend
conventional angiography for new dialysis patients
with a simple medical history and no positive (central
venous) lesions detected using physical examination;
however, patients with a history of multiple CVCs,
pacemaker implantation, trauma to the upper limb,
neck or chest, or major surgery, especially when cen-
tral venous disease is suspected, need to undergo
angiography after physical examination and ultrasound
evaluation. Modalities such as DSA, CTA, or MRA can
be selected for angiography depending on the re-
sources available in the medical institution where the
surgeon is based. They can be used to perform vascular
tracing of the parameters, such as the inner diameter
and route or trajectory of the blood vessels related to
the scheduled fistulation. The above-mentioned angi-
ography methods have their respective advantages and
disadvantages for AVF assessment, and this consensus
does not make specific recommendations.

1.4. Preoperative inner diameter of the radial
artery and cephalic vein (after tourniquet binding)
≥ 2.0 mm can be considered an indication for sur-
gery and further evaluation should be performed; if
the preoperative inner diameter of the radial artery
and cephalic vein (after tourniquet binding) < 2.0
mm, surgery should be carefully considered; if the
preoperative inner diameter of the radial artery
and cephalic vein (after tourniquet binding) < 1.5
mm, surgery should be avoided or other blood
vessels (surgical methods) should be selected as far
as possible. (Unrated)

Although the inner diameter of the blood vessel is
very important for AVF maturation, there are several
studies with differing opinions on the minimum
required inner diameter of the blood vessel for surgery.
Both the European vascular access guidelines and
KDOQI guidelines point out that if the inner diameter
of the radial artery or cephalic vein is < 2.0 mm, the
surgical site should be carefully evaluated or rese-
lected. The Japanese vascular access guidelines specify
that the minimum internal diameter of the radial artery
should be between 1.5 and 2.0 mm, and the minimum
internal diameter of the vein (after tourniquet binding)
should be between 1.6 and 2.5 mm. If it is below the
above range, the success rate will be low.

In recent years, several studies have investigated the
relationship between the inner diameter of the blood
vessel and the maturity of AVF. A Canadian study
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pointed out that an inner diameter of the radial artery
�2.1 mm and inner diameter of the vein (after tour-
niquet binding) � 3.0 mm are independent predictors
of AVF maturity and patency.33 A South Korean study
claimed that an inner diameter of the vein (after tour-
niquet binding) < 2.5 mm was an independent risk
factor for AVF failure.34 A study from Singapore found
that the average preoperative vein size of the mature
AVF was 3.2 ± 1.1 mm, while the average vein size of
unsuccessful AVF was 2.8 ± 0.9 mm.17 A British study
showed that an inner diameter of the radial artery > 1.6
mm and an inner diameter of the vein (after tourniquet
binding) > 1.5 mm can predict AVF maturity. It has
also been suggested that AVF surgery with an inner
diameter of the vein <1.5 mm should not be tried.18

The expert group discussed and made the recom-
mendations according to the characteristics and actual
situation of the population in China. Nevertheless, the
clinicians need to implement them comprehensively
based on the general condition of the patients and
experience of the surgeons.

1.5. Elderly patients with CKD who have no
obvious contraindications to AVF, can routinely
undergo preoperative assessment and planning,
followed by AVF surgery, provided the inner
diameter of the blood vessel is ≥2.5 mm. (2B)

Although aging may affect the maturity and patency
of AVF, AVF can still be created in elderly patients
with CKD after detailed evaluation. A US study
analyzed the AVF data of patients over 67 years of age
in the kidney disease database and found no significant
difference in the primary and secondary patency rates
between patients aged 67e77 years and those aged
�77 years after AVF maturity.35 A Canadian study
enrolled 525 elderly dialysis patients who were strati-
fied according to age into <65, 65e75, and >75 years
and observed for AVF maturity and patency for 3
years. The results showed that the incidence rates of
AVF maturity, primary patency, complications, or need
for intervention among the three age groups were not
different. Although there was a slight decrease in the
secondary patency rate in patients aged >75 years, the
researchers suggested that advanced age alone should
not be used as an exclusion criterion for AVF crea-
tion.36 An Australian study retrospectively analyzed 77
HD patients over 80 years of age. Among them, 65
patients had AVF and 12 had CVC. The results
revealed that the cumulative survival rate of AVF pa-
tients at 12 and 24 months was 82% and 72%,
respectively, while the 12-month survival rate of CVC
patients was 45% (P < 0.001). The primary patency
rates of AVF patients who received follow-up at 6, 12,
and 24 months were 58%, 39%, and 31%, respectively.
Therefore, although AVF has a lower patency rate and
higher intervention rate in older patients than in
younger patients, in selected elderly patients, AVF is
more suitable for long-term vascular access for HD
than CVC, and age itself, in particular, should not be
an exclusion criterion for AVF surgery.37

A South Korean study on the impact of age on AVF
maturity and patency rate included 130 elderly
(age � 70 years) and 293 young patients. Successful
AVF puncture performed twice was defined as mature.
The elderly and young groups had inner diameters of
the cephalic vein of 2.6 and 2.8 mm (P ¼ 0.02) and
maturity rates of 83.6% and 94.3% (P ¼ 0.01),
respectively; the overall patency rates in the elderly
group were 73.1% and 57.1% at 6 and 12 months,
respectively, and those in the young group were 86.7%
and 77.7%, respectively (P ¼ 0.009). The AVF matu-
rity and patency rates in the elderly group were lower
than those in the young group. It has been suggested
that more stringent standards should be adopted for
AVF in elderly patients, especially for the inner
diameter of blood vessels.38 A US study included 136
patients who underwent a total of 146 AVF operations.
The patients were aged 18e91 years, with a median
age of 68 years. The demographic characteristics and
risk factors of the patients, as well as the location of
internal fistulas and venous diameter, were analyzed. It
was observed that when the inner diameter of the vein
exceeded 2.5 mm, the overall AVF maturity rate was
72%. The researchers also found that the only signifi-
cant predictor of AVF failure was body mass index
(BMI) > 29.5. Accordingly, it has been postulated that
age, sex, and fistula location should not be used as
conditions to limit the implementation of AVF surgery
in patients with a blood vessel diameter exceeding 2.5
mm.39

The number of elderly patients requiring HD is
increasing year by year. Compared with CVC and
arteriovenous graft (AVG), the advantages of AVF in
elderly patients have been controversial, especially after
the update of the KDOQI guidelines, and the views of
some domestic scholars have fluctuated. As pointed out
above, there are many factors that can affect the
maturity and patency of AVF, and age may be one of
them. In patients with risk factors, the surgeon needs to
perform a more detailed assessment before making a
decision on whether to operate. The expert group be-
lieves that the selection of the vascular access method
needs to be individualized. Based on the current expe-
rience and documentary evidence, it is recommended
that elderly patients with CKD can undergo routine
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preoperative evaluation and planning and subsequently
undergo AVF surgery if the vascular diameter is �2.5
mm. For patients whose blood vessel inner diameter is
<2.5 mm, it is necessary to evaluate the factors influ-
encing AVF maturity and patency more carefully, and
accordingly consider or choose AVG/CVC.

Future research directions: 1. Research on the
application of Doppler ultrasound by doctors special-
izing in vascular access. 2. Prospective comparative
studies on Doppler ultrasound and physical examina-
tion. 3. The feasibility of AVF in the Chinese elderly
population with CKD.

2. AVF surgery
2.1. A MDT should be established for vascular

access. Team members should include nephrologists
or HD physicians, vascular surgeons, sonographers,
radiologists, and HD specialist nurses, and the team
members should collaborate based on the division
of work in order to improve the success rate of AVF.
(Unrated)

A MDT analyzes, discusses, and thinks about the
disease, puts forward opinions on diagnosis and treat-
ment after comprehensively considering various fac-
tors, and develops detailed and personalized diagnosis
and treatment regimens for patients. The establishment
of vascular access in HD patients requires procedures
such as preoperative evaluation and planning, intra-
operative collaboration, and postoperative mainte-
nance. The above procedures are very important for
AVF. If any aspect is not handled properly, AVF may
fail. The KDOQI guidelines recommend using a MDT
to implement education, coordination, and manage-
ment of all aspects of AVF patients depending on the
available resources and feasibility.

The Vascular Access Working Group of the Canadian
Society of Nephrology recommends that the vascular
access MDT should include vascular access nurses
(vascular access coordinators), nephrologists, surgeons,
radiologists, and even patients and family members and
should make a detailed division of labor among the
members; the final goal is to successfully establish
personalized vascular access with the patient as the
center.40 A study in Canada included 609 patients in the
preliminary (2004e2005), early (2006e2008), and late
(2009e2011) stages of the establishment of a multidis-
ciplinary vascular access group. Compared with the
preliminary stage, the internal fistula implementation
rates in the early and late stages increased by 40% and
30%, respectively.41 A Dutch study enrolled 228 patients
from October 2005 to October 2015 and performed 231
native AVF operations. The results revealed that diabetes
and internal diameter of the cephalic vein are indepen-
dent factors that affect the maturity of the internal fistula,
and a meticulous preoperative inspection and monitoring
program of the MDT is very important for obtaining
better patency.21

A study showed that MDT working based on the
division of labor in the vascular access group has a
definite impact on the successful establishment of AVF
and reduces medical costs.7 Although vascular access
MDTs are being established and operated in some
large general hospitals in China, it may still be difficult
to promote them in the primary hospitals. This
consensus is recommended as an expert opinion.

2.2. It is feasible and beneficial to use nerve block
anesthesia for AVF surgery. (2B)

The KDOQI guidelines have not made any recom-
mendations on the anesthesia method for AVF, but the
European vascular access guidelines have indicated
that nerve block anesthesia should be preferred over
local anesthesia as it may improve the patency of
vascular access. The “Clinical Practice Guidelines for
Perioperative and Postoperative Care of Arteriovenous
Fistulas (AVF and AVG) for Adult Hemodialysis”
(hereinafter referred to as the European nursing guide)
formulated by the European Renal Best Practice
(ERBP) Vascular Access Working Group also makes
this recommendation.42 Although many studies on the
benefits of nerve block anesthesia in AVF have been
published at home and abroad, the included sample
size was small and quality of evidence was generally
low. A Japanese study retrospectively analyzed the
expansion of the inner diameter of the basilic vein from
3.0 ± 1.1 mm before anesthesia to 4.1 ± 1.2 mm after
anesthesia under nerve block anesthesia (P < 0.001).43

A US study performed AVF on 65 patients under nerve
block anesthesia and found that the inner diameters of
the forearm cephalic vein and median elbow cephalic
vein increased by 0.96 mm (P < 0.01) and 0.5 mm
(P ¼ 0.04) after nerve block anesthesia, respectively.44

Another US study compared the prognosis of AVF with
vascular inner diameter � 2.4 mm under nerve block
anesthesia and AVF with vascular inner diameter � 2.5
mm under traditional anesthesia (not specified in the
original text) and reported no significant difference in
AVF primary patency and re-intervention rates be-
tween the two groups and part of AVG could be con-
verted to AVF.45 A meta-analysis included four
randomized controlled trials (RCT) containing 286
patients and compared the prognosis of AVF with
nerve block anesthesia and local (infiltration) anes-
thesia. It was found that compared with local
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anesthesia, there was a reduction in the AVF failure
rate under nerve block anesthesia.46

A British study compared the effects of local
anesthesia and nerve block anesthesia on AVF patency.
The 126 patients enrolled were divided into local
(n ¼ 63) and nerve block (n ¼ 63) anesthesia groups
and followed up for 3 months. The results showed that
the primary patency of the nerve block anesthesia
group (53 cases, 84%) was higher than that of the local
anesthesia group (39 cases, 62%) (odds ratio
[OR] ¼ 3.3, 95% confidence interval [CI]: 1.4e7.6,
P ¼ 0.005). It was proposed that this may be related
to the significant increase in the vessel inner diameter
and arterial blood flow after nerve block anesthesia.
Therefore, they recommended that nerve block anes-
thesia should be used for AVF surgery.47 There have
also been some small sample size studies in China that
have concluded that AVF can benefit from nerve block
anesthesia, which are not referenced here. Based on the
current research status at home and abroad, the expert
group believes that AVF under nerve block anesthesia
is feasible and may be beneficial, and therefore makes
this recommendation.

2.3. Physicians who are skilled in the operation
can independently perform AVF surgery. (1A)

Among the factors that affect the success rate of
AVF, the skill of the surgeon is crucial. A British study
retrospectively analyzed 195 cases of AVF surgery,
among which 153 were performed by experienced
surgeons and 42 by junior surgeons. The median
follow-up time for both groups was 22 months. The
surgical success rates of the two groups were 94.2%
and 81%, respectively (P < 0.01). The researchers
suggested that AVF surgery should be performed by
experienced physicians, or at least under their super-
vision.48 Similarly, a US study retrospectively analyzed
29,034 internal fistula operations, including 22,541
(78%) AVF and 6493 (22%) AVG. The results showed
that for every 10 surgeries among the doctor's cumu-
lative surgeries, the failure rate of vascular access
decreased by 5% (P ¼ 0.007).49 Another study retro-
spectively analyzed 467,827 operations performed by
4959 surgeons, and the results revealed that the cu-
mulative amount of surgeries performed by surgeons is
closely related to the success rate of AVF.50 A domestic
study retrospectively analyzed 42 HD patients who had
failed multiple AVF operations in external hospitals
within 3 years. The results indicated that the failure of
the operations was largely caused by improper arterial
selection and anastomosis techniques.51

The American Association for Vascular Surgery
stipulates that vascular surgery residency training
should include instructions on conducting vascular
laboratory tests and interpreting the results. Trainees
should be familiar with vascular laboratory equipment,
testing protocols, and ultrasound imaging of the
vascular anatomy and should be able to classify the
severity of the disease based on the examination re-
sults.52 A meta-analysis included 16 clinical trials
involving 9438 patients who underwent internal fistula
surgery. Although the results did not find a signifi-
cant difference in the primary patency rate between
surgeries performed by primary physicians and expe-
rienced physicians (the complexity of the surgery
might be different), the final recommendation was still
that junior physicians should accumulate experience
through appropriate training and perform surgical op-
erations under the guidance of experienced physicians
and without harming the interests of patients.53

In summary, junior doctors should receive training,
and gradually perform operations under the leadership
of experienced doctors. Another finding of the above-
mentioned study was that doctors of different spe-
cialties performed internal fistula operations, including
13,110 cases of vascular surgery (45.2%), 9398 cases
(32.3%) of general surgery, 2313 cases (8%) of thoracic
surgery, 1517 cases (5.2%) of other specialized opera-
tions, and 2696 cases (9.3%) of unknown specialized
operations. Researchers believe that the specialty of the
surgeon is not related to the possibility of vascular
access failure.49 Therefore, the expert group believes
that AVF surgeons can be from departments of vascular
surgery, general surgery, urology, nephrology, and
others,49,54e57 which is also in line with the actual
situation in China. Individualized care should be
implemented according to the actual medical re-
sources of each unit, and we will not make specific
recommendations.

2.4. It is recommended that end-to-side anasto-
mosis be adopted for AVF vascular anastomosis in
the distal forearm, while end-to-side and side-to-
side methods can be adopted for an upper arm AVF
vascular anastomosis, and individualized operations
should be performed according to the patient's
vascular conditions and experience of the surgeon.
(2C)

The KDOQI guidelines have not made any recom-
mendations on the preferred AVF vascular anastomosis
method. However, the Japanese guidelines recommend
venous end-arterial side as the AVF vascular anasto-
mosis method. The European nursing guide points out
that the pros and cons of side-to-side anastomosis for
AVF are similar to those of end-to-side anastomosis.
There have been several controversies regarding the
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vascular anastomosis method. The expert group be-
lieves that the distal AVF should preserve the integrity
of the radial artery and reserve a distal arterial
approach for later percutaneous transluminal angio-
plasty (PTA) antegrade puncture. The venous end-
arterial side anastomosis method is recommended for
distal AVF. For mid-to-high AVF, selection can be
made according to the specific vascular conditions of
the patient and expected puncture range, and anasto-
mosis methods such as venous end-arterial side and
venous side-arterial side can be adopted. In fact,
the specific method of vascular anastomosis needs to
be chosen according to the vascular inner diameter,
puncturable vessel length, AVF vascular outflow tract,
nursing technology, and other comprehensive factors.
This consensus will not elaborate too much on this
issue.

2.5. No-touch technology is feasible for vascular
anastomosis in AVF. (Unrated)

Since the establishment of AVF surgery, clinicians
and scholars have continuously improved and explored
new technologies and methods, aiming to improve the
maturity and patency of AVF. There are reports on the
successful application of No-touch technology in AVF
surgery at home and abroad. No-touch technology is a
vein acquisition technology that preserves the fat and
connective tissue around the vein (preserving the fat or
venous pedicle and other venous wall nourishing tis-
sues). It was first applied in coronary artery bypass
surgery and has achieved good results.58 However, the
number of studies on AVF surgery using the No-touch
technology is limited, sample size is small, and the
evidence is of low quality. Therefore, it was not
adopted by this consensus. However, the No-touch
technology is widely used in coronary artery bypass
graft surgery, and some members of the expert group
also routinely implement it in AVF surgery. The
technology is simple and easy to implement. There-
fore, we believe that No-touch technology is feasible
for AVF vascular anastomosis.

Future research directions: 1. MDT operation
mode. 2. Application of No-touch technology in AVF
surgery. 3. The difference in prognosis between
different vascular anastomosis directions (acute angle
and obtuse angle).

3. Perioperative drug intervention measures
3.1. Antiplatelet drugs (including aspirin and

clopidogrel), statins, and fish oil are not routinely
used during the perioperative period for AVF. (2B)

As mentioned above, factors affecting AVF maturity
may be multifaceted, including factors such as
epidemiology, preoperative evaluation, surgical tech-
nique, and postoperative care. Scholars have been
working hard to find methods that are conducive to the
maturation of internal fistulas, such as the administra-
tion of drugs during the perioperative period. However,
increasing evidence shows that most perioperative
medications are not ideal for AVF maturation and
prevention of complications. The European vascular
access guidelines and KDOQI guidelines do not
recommend the routine use of antiplatelet drugs
(including aspirin and clopidogrel), statins, and fish oil.
The effects of these drugs are not precise, and the risks
outweigh the possibility of benefits.2,3

A prospective study in South Korea enrolled 881
patients with HD using internal fistulas (including AVF
and AVG), among which 241 (27.4%) patients took
aspirin. The median follow-up time was 30 months.
During the follow-up, 180 patients (20.4%) experi-
enced the main outcome event (vascular access fail-
ure). Multivariate analysis showed that the hazard ratio
(HR) for the incidence of vascular access failure
among aspirin users was 0.89 (95% CI: 0.62e1.27,
P ¼ 0.51). Taking aspirin had no protective effect on
internal fistulas (including AVF and AVG).59 A pro-
spective, double-blind, randomized controlled trial in
Australia included 567 adult CKD patients, who were
divided into the fish oil group (fish oil vs. placebo) and
aspirin group (aspirin vs. placebo). The results showed
that within 12 months after AVF surgery, the use of fish
oil did not reduce the primary failure rate of AVF
(hazard ratio [HR] ¼ 0.85, 95% CI: 0.65e1.12,
P ¼ 0.25). The time to primary failure of AVF among
the participants taking aspirin and placebo was similar
(HR ¼ 1.01, 95% CI: 0.69e1.47, P ¼ 0.98). Neither
fish oil nor aspirin significantly prolonged the time to
AVF abandonment. Similarly, the use of fish oil
(HR ¼ 0.92, 95% CI: 0.69e1.21, P ¼ 0.53) or aspirin
(HR ¼ 1.01, 95% CI: 0.73e1.42, P ¼ 0.94) did not
change the time to primary failure or time to aban-
donment of AVF.60 A domestic prospective cohort
study61 included 406 HD patients with an observation
period of 5 years. The patients were divided into
aspirin (100 mg/d) group and non-aspirin group. The
main results comprised all-cause death, cardiovascular
events, hemorrhage, and ischemic stroke. It was
revealed that the cumulative survival rate of the aspirin
group was not significantly different from that of the
non-aspirin group (P ¼ 0.061).61 Although this study
was basically unrelated to AVF, there was no benefit of
using aspirin among the patients as a whole.

A meta-analysis on the use of drug adjuvant therapy
to increase the patency of AVF (including AVF and
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AVG) included 15 clinical trials involving 2230 pa-
tients who received internal fistula surgery. The adju-
vant drugs used in the clinical trials were aspirin and
ticlopidine, dipyridamole combined with aspirin,
warfarin, fish oil, clopidogrel, thiopyrazolone, and re-
combinant human type I pancreatic elastase (PRT-201).
The authors compared studies on aspirin and placebo,
those on ticlopidine and placebo, those on fish oil and
placebo, and those on clopidogrel and placebo and
discovered that there was insufficient evidence to
determine whether there was a difference between the
effects of placebo and other treatments (such as aspirin,
fish oil, clopidogrel, PRT-201, dipyridamole, dipyr-
idamole plus aspirin, warfarin, and thiopyrazolone) on
the patency of AVF.62 Another meta-analysis evalu-
ating the value of statins in AVF included one RCT and
six randomized controlled studies with 20,246 HD
patients in total, of which 9847 received statins and
10,399 received placebo. The AVF failure rate of pa-
tients receiving statin therapy was similar to that of the
control group (pooled risk ratio [RR] ¼ 0.89; 95% CI
0.70e1.12, P ¼ 0.32). In addition, a sub-combination
analysis showed that statin therapy did not relieve AVF
failure in participants from the same ethnic background
or in trials of similar sample size.63

In view of the current research and recommenda-
tions of the international guidelines,2,3,42,64 the expert
group does not recommend the routine use of anti-
platelet drugs (including aspirin and clopidogrel), sta-
tins, and fish oil during the perioperative period of
AVF.

3.2. Beraprost can be selectively used after AVF
surgery. (2B)

Beraprost is an analog of prostacyclin, which acts by
binding to the prostacyclin receptors on the cell mem-
brane. After activation of the prostacyclin receptors on
the cell membrane of platelets and vascular smooth
muscle cells, it increases the action of adenylate cyclase
in the cell, prevents the influx of Ca2þ and production of
thromboxane A2, and produces antiplatelet and vaso-
dilator effects. It is widely used in peripheral vascular
disease, pulmonary hypertension, kidney disease, and
other diseases and has a good therapeutic effect.65,66

Studies have shown that neointimal hyperplasia after
vascular injury is related to the transfer of smooth
muscle cells from the media to the intima. Beraprost
sodium can activate the downstream Epac/Rap1
pathway by activating cyclic adenosine monophosphate
(cAMP) in the smooth muscle cells, inhibit changes in
the actin cytoskeleton, reduce the transfer of smooth
muscle cells, and reduce intimal hyperplasia.67 This
provides a theoretical basis for its application in AVF.
We reviewed nine studies on the application of
beraprost sodium in maintenance HD patients after
AVF surgery (Supplementary Table 1).68e75 A pro-
spective study in South Korea found that the use of
beraprost sodium in maintenance HD patients signifi-
cantly improved the 2-year patency rate of vascular
access and prolonged the patency time. Multivariate
analysis demonstrated that the use of beraprost sodium
can reduce the risk of loss of vascular access by 42%
(HR ¼ 0.580, 95% CI: 0.068e0.982, P ¼ 0.047), while
aspirin has no benefit for vascular access.68 Domestic
research has shown that beraprost sodium can signifi-
cantly increase the vascular internal diameter and blood
flow of AVF, reduce the occurrence of thrombotic
events, and increase the postoperative maturity and
long-term patency rates. In elderly patients or patients
with diabetes, beraprost sodium also has beneficial ef-
fects on the maturation and long-term patency of in-
ternal fistulas. Compared with the commonly used
antiplatelet drug clopidogrel, beraprost sodium can
significantly reduce the risk of thrombosis within 1
month after surgery (HR ¼ 0.33, 95% CI: 0.18e0.56),
and delay the time to thrombosis. Sequential treatment
with alprostadil and beraprost sodium can shorten the
time to fistula maturation and increase the blood flow of
fistula. In addition, the combined application of bera-
prost sodium and clopidogrel or infrared therapy can
increase fistula maturation after AVF surgery.71

Taking into account factors such as the low quality of
evidence in the available studies on such drugs, we
believe that beraprost can be used routinely or selectively
(for example, in patients with risk factors that affect the
maturity of AVF internal fistula) after AVF surgery.

Consequently, although several factors can affect
AVF maturity, detailed preoperative evaluation and
skilled surgical technique are paramount. The impact of
drugs (including antiplatelet drugs, fish oils, statins, and
beraprost) on AVF is currently inconclusive,1,62,76e81

and the expert group believes that they can be selec-
tively administered as an auxiliary measure, although
individualized assessment of indications and contrain-
dications should be conducted for patients with multi-
ple coexisting diseases.

Future research directions: 1. Studies on the
benefits of adjuvant drugs in high-risk groups of AVF
patients with complications.2. Randomized, controlled,
multi-center prospective studies on adjuvant drugs in
the Chinese population.

4. Postoperative maintenance
4.1. Routine health education should be provided

after AVF surgery to improve the self-management
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ability of patients. Appropriate physical exercises
should be recommended after AVF surgery. (1B)

Generally speaking, health education is the main
channel for patients to obtain knowledge about disease
diagnosis and treatment. HD patients need information
such as precautions and maintenance measures
required for vascular access. Some studies have pro-
posed that it is particularly important for hospitals with
a low AVF implementation rate and high AVF failure
rate to educate all members of the MDT (including
patients, family members, nursing staff, and family
doctors) and implement optimized nursing plans.82e84

In order to increase the understanding and interest in
AVF, medical staff should strive to continuously
educate all participants in patient care.85e87 This point
has been discussed and emphasized a lot in the Japa-
nese guidelines.

A Turkish study enrolled 32 HD patients, collected
patient data in a scale format, and obtained AVF
nursing knowledge and anxiety scores before and after
education and found that the scores of nursing knowl-
edge and anxiety before education were low and high,
respectively, while those of patient care knowledge
and anxiety after education increased and decreased,
respectively, and the above results were statistically
significant (P < 0.001).88 Another Turkish study con-
ducted an AVF nursing knowledge questionnaire survey
on 335 HD patients and reported that the patients had
the most knowledge of the rules of “do not measure
blood pressure” and “do not draw blood from the fistula
side arm” on the limbs on the fistula side and were less
familiar with the rules of “use blood vessels in the arm
without internal fistula for intravenous treatment” and
“what situations will cause hypotension” (the rules in
the country or the researchers’ unit, which may not
necessarily have universal applicability). Researchers
believe that the development of self-care behaviors is a
means of reconciling the lifestyle with the current
health conditions.89 HD patients and their families
should be provided with planned self-care training, and
nurses should provide repeated health education to
patients who lack relevant knowledge.

A domestic study included 16 new AVF patients. The
patients received ball grip training after the operation.
The items were completed by MDT, and the team
members included physiotherapists. The initial exami-
nation revealed that the overall accuracy rate of patients
was only 55% (including the time, strength, frequency,
etc. Of the ball grip). Nine new AVF patients were
included in the evaluation period, and the overall ac-
curacy rate of the patients after health education rose
to 93%.90 A domestic randomized controlled trial
randomly divided 86 HD patients with AVF into a
control group and an experimental group. The experi-
mental group performed 6-pound dumbbell exercises on
the non-dialysis days for 3 months, and the control
group performed ball grip exercises. The changes in the
AVF outflow tract venous blood flow from the begin-
ning of the study to 3 months were observed. The results
showed that the venous blood flow in the AVF outflow
tract in the dumbbell group was significantly higher
than that in the control group. The average difference
between the two groups was 359.50 (111.90e829.05)
mL/min (P¼ 0.001). It was concluded that arm exercise
training is essential for AVF dialysis patients. Dumbbell
exercise is an economical and effective intervention that
can maintain the function of AVF, especially in patients
who may have reduced blood flow and have no in-
dications for PTA.91

The European nursing guidelines indicated that
allowing patients to prepare for HD more actively can
improve their self-management ability, improve the
sense of gain, and even prognosis. The guidelines state
that simple exercises (such as pinching hands) are
unlikely to produce any harmful results. In fact, no
exercise-controlled trials have reported any important
adverse events. The guidelines recommend a stan-
dardized exercise plan be developed and hand and arm
exercises that can improve the maturation of AVF in
adult patients with ESRD be included. The European
and Spanish vascular access guidelines also make
similar recommendations.2,92

There are limitations of the above study, and we do
not have enough evidence to prove that arm move-
ments promote the maturation of AVF; however, this is
a common practice at home and abroad. Limb exer-
cises are simple, economical, highly maneuverable,
and allow patients to participate more.42,93e96 In
the absence of major adverse events (impacts), the
expert group recommends routine physical exercises
after AVF surgery. As for the timing of exercise, this
consensus consulted the recommendations of the Eu-
ropean nursing guidelines and believes that the fingers
and upper arms can be moved after the surgery if there
is no obvious bleeding from the surgical incision. If the
incision is oozing blood, it should be handled properly
and the range and frequency of activities should be
reduced. One to three days after the operation and once
the patient's pain is tolerable and the general condition
stable, the limbs on the surgical side can be used to
perform daily activities such as dressing and eating.
After the stitches are removed, strengthening exercises
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can be started, and the exercise intensity should be
gradually changed from weak to strong. Individualized
management should be implemented according to the
patient's specific condition.

4.2. Successful puncture after AVF and meeting
the needs of HD are considered mature AVF use.
The use of plastic cannula for puncture after AVF
surgery is beneficial for the maintenance of internal
fistula, especially in the early stage of internal fistula
use. (2C)

There is a lack of uniform criteria for the maturity
of AVF. The 2006 version of the KDOQI vascular
access guidelines proclaim that AVF maturation should
meet the “6S” standard, that is, vessel inner diameter
>6 mm, internal fistula blood flow >600 mL/min, in-
ternal fistula vessel depth from the skin <6 mm, and
puncture should be easy. According to the character-
istics of Chinese people, the consensus on vascular
access in China sets the standard as vascular inner
diameter >5 mm, internal fistula blood flow >500 mL/
min, internal fistula blood vessel depth from the skin
<6 mm, and the need for three sessions of dialysis per
week should be met. The Japanese guidelines have not
made any specific recommendations for AVF matura-
tion and point out that after a period of time (usually
more than 10 days) following AVF surgery, the inner
diameter and length of the internal fistula vessel will
increase, it can be touched on the body surface, and
puncture can be performed for HD. The 2019 version
of the KDOQI vascular access guidelines abandoned
the previous criteria and recommends that the maturity
of AVF should be mainly based on clinical judgment,
rather than relying too much on auxiliary examina-
tions. Based on the above guidelines, the expert group
believes that successful puncture after AVF surgery
and meeting the needs of HD can be considered as
maturity.

After mature AVF is used for HD, complications
such as thrombosis, stenosis, and aneurysm may occur
at any time, and puncture injury is an important un-
derlying reason.42,97e100 Patient-centered HD must
consider patients' preferences and feelings about the
treatment. A Canadian study on dialysis patients'
satisfaction and perspectives on complications associ-
ated with vascular access-related interventions reported
that patients with plastic cannulas can perform activ-
ities such as eating food or using mobile phones rela-
tively freely and do not need to be fully immobilized.
They also do not worry too much about adverse effects
that might be caused, especially to the puncture points
at the joints, by involuntary movements of the limbs
during rest, which reduces the patient's fear, and
improves the movement of the patient's limbs on the
AVF side along with comfort during dialysis treat-
ment.101 Several other domestic studies have come to
the same conclusions.102e104

There has been controversy about the earliest suit-
able puncture time after internal fistula surgery. As
mentioned previously, the DOPPS study reported dif-
ferences in the time to first puncture of AVF among
different countries. Japan has the earliest time to first
puncture, and its AVF lifespan is the longest. An
analysis could not rule out that this might be related to
the wide application of plastic cannulas in Japan.105 A
domestic study on the early application of plastic
cannulas included 122 patients undergoing AVF who
were divided into the early (time to first puncture < 10
days) and late (time to first puncture � 10 days)
puncture group. The results showed that the median
time to first puncture was 6 days. There was no sig-
nificant difference in the primary (P ¼ 0.643) or sec-
ondary (P ¼ 0.453) patency rates between the groups.
After adjusting for influencing factors such as age, sex,
and diabetes, there was no significant difference be-
tween early and late puncture in terms of primary
(HR ¼ 1.21, 95% CI: 0.71e2.05) or secondary
(HR ¼ 0.46, 95% CI: 0.08e2.77) patency. Researchers
believe that early AVF puncture (<10 days after crea-
tion) using an plastic cannula does not affect the
patency rate, and it is possible to perform AVF punc-
ture before 10 days to reduce the use of CVC.106

A single-center, prospective, randomized clinical
trial in South Korea studied 16 HD patients, and all
patients had AVG vascular access. They randomly
divided eight cases in the metal needle group and eight
cases in the plastic cannula group. The researchers
measured the arterial and venous pressures before the
continuous dynamic pump at five different blood pump
flow rates (150, 200, 250, 300, 350 mL/min). The re-
sults showed that the negative pressure and venous
pressure before the arterial pump in patients with plastic
cannulas were lower than in those with metal needles,
and the differences were significant (P < 0.001). It was
suggested that the arterial and venous pressures of the
plastic cannula at the set blood pump flow rate are more
stable than those of the metal needle.107 Although this
research focused on AVG, we think that there is still
some reference significance. An Italian scholar's meta-
analysis included 23 studies on plastic cannulas. After
analyzing the structure and operation process of the
plastic cannula, the scholar reported that the fistula
trocar is highly superior in terms of biocompatibility,
safety, comfort, and other aspects. Although there is a
lack of relevant research, in view of the massive use of
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HD in Japan and other countries, the use of fistula
trocars is still recognized.108

Although there are still some studies or opinions
that support the application of plastic cannulas, the
overall number of studies is limited, the samples are
small, and the observation parameters are not
comprehensive.109e112 For HD patients undergoing
early AVF puncture and with poor vascular conditions,
a plastic cannula may be used. In summary, consid-
ering the current status of HD in China, the expert
group believes that the fistula trocar can be routinely
used for AVF puncture, especially for early puncture
after AVF maturity.

4.3. After the use of mature AVF, regular
Doppler ultrasound examinations are reasonable.
(Unrated)

A physical examination during the perioperative
period of AVF is extremely important, as we have
discussed multiple times in the previous sections. After
AVF surgery, vascular stenosis, aneurysm, thrombosis,
and limb swelling are the most common complications,
which seriously affect HD. The development of most
complications is a chronic process or has a basis in
chronic disease. Early physical examinations often do
not elicit positive signs. However, Doppler ultrasound
is non-invasive, relatively convenient, and reasonable
as a regular postoperative re-examination. The Euro-
pean vascular access guidelines recommend Doppler
ultrasound assessment of AVF every 3 months. The
expert consensus on vascular access in China also
makes detailed recommendations.113,114

A Japanese study included 2184 HD patients with
AVF vascular access. Doppler ultrasound was used to
measure the brachial artery blood flow (Qa: mL/min),
arterial blood flow resistance index (RI), and internal
fistula vessel inner diameter (RD: mm). The endpoint
was a vascular access event (VE) that required vascular
intervention or vascular surgery. The results were as
follows: Average Qa: 772.8 ± 441.4 mL/min; RI:
0.56 ± 0.1; RD: 2.37 ± 1.0 mm. The best Qa cutoff
point was 581.5 mL/min, RI cutoff point was 0.56, and
RD cutoff point was 1.85 mm. Patients with Qa <
581.5 mL/min were more likely to develop VEs than
patients with Qa > 581.5 mL/min (P < 0.001).115

Doppler ultrasound is a simple method to predict the
risk of thrombus and AVF dysfunction among HD
patients. A Spanish study that included 207 patients
and lasted for 3 years aimed to compare the application
of blood flow (QA)-based monitoring with traditional
monitoring (arteriovenous pressure, urea clearance
index, etc.) in AVF. The participating patients were
randomly assigned to the control group (traditional
monitoring, n ¼ 104) and the QA group (using Doppler
ultrasound to monitor blood flow in every quarter,
n ¼ 103). The criteria for intervention were: QA
reduction by 25%, QA < 500 mL/min, or significant
stenosis with abnormal hemodynamics. The results
showed that the thrombosis rate of the QA group was
significantly lower than that of the control group (0.025
thrombus/patient/year, 0.086 thrombus/patient/year,
respectively; P ¼ 0.007). There was a significant
improvement in the thrombus-free (HR ¼ 0.30, 95%
CI: 0.11e0.82, P ¼ 0.011) and secondary (HR ¼ 0.49,
95% CI, 0.26e0.93, P ¼ 0.030) patency rate of the QA
group, although there was no difference in the primary
patency rate between the two groups (HR ¼ 0.98, 95%
CI, 0.57e1.61, P ¼ 0.935). In the control group, more
CVCs were required and more patients were hospital-
ized due to vascular access (P ¼ 0.034/P ¼ 0.029).
Researchers believe that QA-based Doppler ultrasound
monitoring and intervention can reduce the incidence
of thrombosis, is cost-effective, and can improve AVF
thrombotic events and secondary patency rate.116

While there are studies that support regular Doppler
ultrasonography after AVF maturation,117,118 some
other studies have reached different conclusions.119

Although the KDOQI guidelines have conservative
recommendations for regular Doppler ultrasound ex-
aminations, this consensus expert group considers that
based on the relatively backward status of China's
overall HD level and in order to promote the devel-
opment of vascular access-related fields, we recom-
mend regular Doppler ultrasound examinations for
AVF. The examination includes measurement of the
internal diameter of the blood vessel (inflow tract,
fistula, and outflow tract), vascular intima, blood flow,
and assessment of the puncture site.

4.4. The specialized training of HD nurses should
be strengthened, routine physical examinations
should be performed on AVF patients before each
puncture, and further intervention should be pro-
vided when abnormalities are found, which is
conducive to AVF maintenance. (1C)

As medical knowledge and ideas change with each
passing day, it is necessary to strengthen the special-
ized training of HD nurses to provide more optimized
care for patients. According to the KDOQI guidelines,
regular training and supervision of new nurses is
essential. The European vascular access guidelines
recommend training of nurses as well as vascular
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access specialist nurses or coordinators. A domestic
study conducted an AVF-related knowledge question-
naire survey (with a total score of 17) among 182
nurses in a city. The average total score of the surveyed
nurses was 6.00 ± 2.25, and low- and high-level nurses
accounted for 53% and 47%, respectively. The re-
searchers suggested that education and training pro-
grams should be established to improve the level of
professional knowledge of the dialysis nurses on in-
ternal fistula.120

An effective physical examination can assess the
AVF blood vessel and blood flow. For example, a
palpable tremor at the elbow and above can be one of
the signs of good internal fistula function.121 The pos-
itive significance of the AVF physical examination is
affirmative, but in view of the differences in the expe-
rience of the medical staff performing the physical
examination, the results or conclusions of the physical
examination may be inconsistent.122e127 Some scholars
in the US found a lack of knowledge regarding physical
examination of the internal fistula among clinical
medical staff, including ignorance of the concepts,
methods, and implementation of the physical exami-
nation. Correct and timely physical examination can
lead to early detection and management of problems.
Failure to perform physical examination or inaccurate
physical examination often leads to complications such
as insufficient blood flow in HD, hematoma formation,
and aneurysm development.128 Domestic scholars have
emphasized that HD nurses should use physical
methods of visual inspection, palpation, and ausculta-
tion to evaluate and monitor the blood vessels, which
can detect common problems related to HD access in a
timely manner and is beneficial for further evaluation
and treatment by physicians.129,130 Some scholars in the
US have reported that the examination of vascular ac-
cess can be taught to general nephrologists, dialysis
technicians, and nurses working in HD wards. More-
over, educating patients to evaluate their own internal
fistulas has also been proven to help prolong the use of
internal fistulas.131

Although there is insufficient strong evidence sup-
porting the benefits of routine physical examination,
major guidelines have made recommendations on
routine physical examination before AVF puncture. The
physical examination includes visual inspection,
palpation, and auscultation. The contents of visual in-
spection include checking the AVF skin integrity,
presence of local redness, bleeding (petechia, ecchy-
mosis, etc.), aneurysm (integrity, inner diameter, and
tourniquet test), and swelling of the limbs. Palpation
includes assessment of the pulse, blood vessel elasticity
and tension, and the degree of tremor. The contents of
auscultation mainly include characteristics such as
vascular murmurs and changes in their intensity. Phys-
ical examination is economical, fast, and convenient
and generally does not cause harm to the patients.
Based on the above reasons and clinical practice con-
siderations, the expert group recommends it.

Future research directions: 1. The form, content,
and methods of health education. 2. Research on
medical expenses of plastic cannula.

Collaborator authors

Members of the Expert Group for the “Expert
Consensus on the Establishment and Maintenance of
Autologous Arteriovenous Fistula” from the
Nephrology Branch of the Chinese Academy of
Chronic Disease (in alphabetical order of last name)

Xiao-Qiang Ding (Zhongshan Hospital, Fudan
University), Zhi-Yong Guo (Changhai Hospital, Sec-
ond Military Medical University), Qiang He (Zhejiang
Provincial People’s Hospital), Ya-Ni He (Army Char-
acteristic Medical Center), Chen Lu (The First Affili-
ated Hospital of Xinjiang Medical University), Hong-
Li Jiang (The First Affiliated Hospital of Xi’an Jiao-
tong University), Geng-Ru Jiang (Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of
Medicine), De-Tian Li (Shengjing Hospital of China
Medical University), Ji-Jun Li (The Fourth Medical
Center of PLA General Hospital), Wen-Ge Li (China-
Japan Friendship Hospital), Hong-Li Lin (The First
Affiliated Hospital of Dalian Medical University), Li-
De Lun (Air Force Medical Center, PLA.), Wen-Hu
Liu (Beijing Friendship Hospital), Yong-Hui Mao
(Beijing Hospital), Feng-Min Shao (Henan Provincial
People’s Hospital), Jing Sun (Shandong Provincial
Hospital), Shi-Ren Sun (Xijing Hospital of the Air
Force Military Medical University), Rong Wang
(Shandong Provincial Hospital), Guang-Li Wu (the
980th Hospital of the People’s Liberation Army Joint
Service Support Force), Nian-Song Wang (The Sixth
People’s Hospital Affiliated to Shanghai Jiao Tong
University), Chang-Ying Xing (The First Affiliated
Hospital of Nanjing Medical University), Li Yao (The
First Affiliated Hospital of China Medical University),
Xiang-Dong Yang (Qilu Hospital of Shandong Uni-
versity), Wei-Min Yu (Shanxi Bethune Hospital),
Yong-Ze Zhuang (the 900th Hospital of the People’s
Liberation Army Joint Service Support Force), Hong-
Bin Zou (The Second Hospital of Jilin University),
Hong-Tao Zhang (Henan Provincial People’s
Hospital).



249H. Zhang et al. / Chronic Diseases and Translational Medicine 7 (2021) 235e253
Conflicts of interest

None.
Appendix A. Supplementary data

Supplementary data to this article can be found
online at https://doi.org/10.1016/j.cdtm.2021.05.002.

References

1. Kukita K, Ohira S, Amano I, et al. 2011 update Japanese So-

ciety for Dialysis Therapy Guidelines of Vascular Access

Construction and Repair for Chronic Hemodialysis. Ther Apher

Dial. 2015;19:1e39. https://doi.org/10.1111/1744-9987.12296.
2. Schmidli J, Widmer MK, Basile C, et al. Editor's choice -

vascular access: 2018 clinical practice guidelines of the Euro-

pean Society for Vascular Surgery (ESVS). Eur J Vasc Endo-

vasc Surg. 2018;55:757e818. https://doi.org/10.1016/

j.ejvs.2018.02.001.

3. Lok CE, Huber TS, Lee T, et al, National Kidney Foundation.

KDOQI clinical practice guideline for vascular access: 2019

update. Am J Kidney Dis. 2020;75:S1eS164. https://doi.org/
10.1053/j.ajkd.2019.12.001.

4. Asano M, Thumma J, Oguchi K, , et alJ-DOPPS Research

Group. Vascular access care and treatment practices associated

with outcomes of arteriovenous fistula: international compari-

sons from the Dialysis Outcomes and Practice Patterns Study.

Nephron Clin Pract. 2013;124:23e30. https://doi.org/10.1159/

000353733.

5. Pisoni RL, Zepel L, Fluck R, et al. International differences in

the location and use of arteriovenous accesses created for he-

modialysis: results from the dialysis outcomes and practice

Patterns study (DOPPS). Am J Kidney Dis. 2018;71:469e478.
https://doi.org/10.1053/j.ajkd.2017.09.012.

6. Zhong Y, Pu JX, Ao X, et al. Current status of vascular access

of hemodialysis patients in Xiangya hospital of central South

University (in Chinese). J Cent South Univ (Med Sci).

2017;42:1270e1274. https://doi.org/10.11817/j.issn.1672-

7347.2017.11.005.

7. Chen CF, Chen FA, Lee TL, et al. Current status of dialysis and

vascular access in Taiwan. J Vasc Access. 2019;20:368e373.

https://doi.org/10.1177/1129729818807336.

8. Field M, Khawaja AZ, Ellis J, Nieto T, Hodson J, Inston N. The

vascular access questionnaire: a single centre UK experience.

BMC Nephrol. 2019;20:299. https://doi.org/10.1186/s12882-

019-1493-9.

9. Balamuthusamy S, Miller LE, Clynes D, Kahle E, Knight RA,

Conway PT. American Association of Kidney Patients survey

of patient preferences for hemodialysis vascular access. J Vasc

Access. 2020;21:230e236. https://doi.org/10.1177/

1129729819870962.

10. Yu HB, Jiang ALi, Wei F, et al. Epidemiological investigation

of vascular access and complications in maintenance hemodi-

alysis patients in Tianjin(in Chinese). Chin J Nephrol.

2015;31:579e582. https://doi.org/10.3760/cma.j.issn.1001-

7097.2015.08.004.
11. Ren HQ, He QP, Jia FY, et al. Analysis of vascular access usage

in maintenance hemodialysis patients(in Chinese). J Nephrol

Dialy Transplant. 2017;26:235e239. https://doi.org/10.3969/

cndt.j.issn.1006-298X.2017.03.007.

12. Zhu JT, Liu D, Liu YX, et al. Current status and influencing

factors of vascular access in single center hemodialysis

patients(in Chinese). Chin J Blood Purif. 2019;18:503e506.
https://doi.org/10.3969/j.issn.1671-4091.2019.07.010.

13. Song L, Fu X, Quan ZL, et al. Influence of type of first dialysis

vascular access on 5-year survival of dialysis patients (in Chi-

nese). Chin J Blood Purif. 2019;18:673e676. https://doi.org/
10.3969/j.issn.1671-4091.2019.10.004.

14. Zhang XH, Li J, Wang LH. Investigation on vascular access

mode of maintenance hemodialysis patients in Shanxi province

(in Chinese). Chin J Nephrol. 2020;36:512e518. https://

doi.org/10.3760/cma.j.cn441217-20200208-00095.

15. Tsuchida K, Nagai K, Yokota N, et al. Simple surgical method

for a native arteriovenous fistula of chronic hemodialysis pa-

tients and the patency rate. J Vasc Access. 2015;16:S13eS17.

https://doi.org/10.5301/jva.5000408.

16. Nakata J, Io H, Watanabe T, et al. Impact of preoperative ul-

trasonography findings on the patency rate of vascular access in

Japanese hemodialysis patients. SpringerPlus. 2016;5:462.

https://doi.org/10.1186/s40064-016-2082-z.

17. Thant KZ, Quah K, Ng TK, Ho P. Retrospective review of

arteriovenous fistula success rate in a multi-ethnic Asian pop-

ulation. J Vasc Access. 2016;17:131e137. https://doi.org/

10.5301/jva.5000495.

18. Kordzadeh A, Askari A, Hoff M, Smith V, Panayiotopoulos Y.

The impact of patient demographics, anatomy, comorbidities,

and peri-operative planning on the primary functional matura-

tion of native radiocephalic arteriovenous fistula. Eur J Vasc

Endovasc Surg. 2017;53:726e732. https://doi.org/10.1016/

j.ejvs.2017.01.015.

19. Kucey AS, Joyce DP, O'Neill T, Fulton GJ, Plant WD,

Manning BJl. Patients referred for arteriovenous fistula con-

struction: a retrospective outcome analysis. Ir J Med Sci.

2020;189:685e691. https://doi.org/10.1007/s11845-019-

02090-9.

20. Copeland TP, Hye RJ, Lawrence PF, Woo K. Association of

race and ethnicity with vascular access type selection and

outcomes. Ann Vasc Surg. 2020;62:142e147. https://doi.org/

10.1016/j.avsg.2019.08.068.

21. Lamprou A, de Bruin C, van Roon A, et al. Patient-related

factors influencing patency of native brachiocephalic haemo-

dialysis fistulas. J Vasc Access. 2017;18:S104eS109. https://

doi.org/10.5301/jva.5000675.

22. Yang MM, Zhao HH, Yang ZH, et al. A multicenter study on

the status of arteriovenous internal fistula knowledge and

related factors in maintenance hemodialysis patients in

Shanghai(in Chinese). Chin J Blood Purif. 2017;16:702e705.
https://doi.org/10.3969/j.issn.1671-4091.2017.010.016.

23. Malovrh M. Patients with chronic kidney disease: safety as-

pects in the preoperative management. Contrib Nephrol.

2015;184:13e23. https://doi.org/10.1159/000365498.
24. Chan CT, Collins K, Ditschman EP, et al. Overcoming barriers

for uptake and continued use of home dialysis: an NKF-KDOQI

conference report. Am J Kidney Dis. 2020;75:926e934. https://

doi.org/10.1053/j.ajkd.2019.11.007.

25. Yu YJ, Wu IW, Huang CY, et al. Multidisciplinary predialysis

education reduced the inpatient and total medical costs of the

first 6 months of dialysis in incident hemodialysis patients.

https://doi.org/10.1016/j.cdtm.2021.05.002
https://doi.org/10.1111/1744-9987.12296
https://doi.org/10.1016/j.ejvs.2018.02.001
https://doi.org/10.1016/j.ejvs.2018.02.001
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1159/000353733
https://doi.org/10.1159/000353733
https://doi.org/10.1053/j.ajkd.2017.09.012
https://doi.org/10.11817/j.issn.1672-7347.2017.11.005
https://doi.org/10.11817/j.issn.1672-7347.2017.11.005
https://doi.org/10.1177/1129729818807336
https://doi.org/10.1186/s12882-019-1493-9
https://doi.org/10.1186/s12882-019-1493-9
https://doi.org/10.1177/1129729819870962
https://doi.org/10.1177/1129729819870962
https://doi.org/10.3760/cma.j.issn.1001-7097.2015.08.004
https://doi.org/10.3760/cma.j.issn.1001-7097.2015.08.004
https://doi.org/10.3969/cndt.j.issn.1006-298X.2017.03.007
https://doi.org/10.3969/cndt.j.issn.1006-298X.2017.03.007
https://doi.org/10.3969/j.issn.1671-4091.2019.07.010
https://doi.org/10.3969/j.issn.1671-4091.2019.10.004
https://doi.org/10.3969/j.issn.1671-4091.2019.10.004
https://doi.org/10.3760/cma.j.cn441217-20200208-00095
https://doi.org/10.3760/cma.j.cn441217-20200208-00095
https://doi.org/10.5301/jva.5000408
https://doi.org/10.1186/s40064-016-2082-z
https://doi.org/10.5301/jva.5000495
https://doi.org/10.5301/jva.5000495
https://doi.org/10.1016/j.ejvs.2017.01.015
https://doi.org/10.1016/j.ejvs.2017.01.015
https://doi.org/10.1007/s11845-019-02090-9
https://doi.org/10.1007/s11845-019-02090-9
https://doi.org/10.1016/j.avsg.2019.08.068
https://doi.org/10.1016/j.avsg.2019.08.068
https://doi.org/10.5301/jva.5000675
https://doi.org/10.5301/jva.5000675
https://doi.org/10.3969/j.issn.1671-4091.2017.010.016
https://doi.org/10.1159/000365498
https://doi.org/10.1053/j.ajkd.2019.11.007
https://doi.org/10.1053/j.ajkd.2019.11.007


250 H. Zhang et al. / Chronic Diseases and Translational Medicine 7 (2021) 235e253
PloS One. 2014;9, e112820. https://doi.org/10.1371/

journal.pone.0112820.

26. Raml NM, Breakwell S. A review of patients with renal disease

undergoing vascular access surgery: is gray-scale ultrasound

enough? J Vasc Nurs. 2013;31:111e117. https://doi.org/

10.1016/j.jvn.2012.10.003.

27. Alfano G, Fontana F, Iannaccone M, Noussan P, Cappelli G.

Preoperative management of arteriovenous fistula (AVF) for

hemodialysis. J Vasc Access. 2017;18:451e463. https://doi.org/

10.5301/jva.5000771.

28. Kim SM, Han Y, Kwon H, et al. Impact of a preoperative

evaluation on the outcomes of an arteriovenous fistula. Ann

Surg Treat Res. 2016;90:224e230. https://doi.org/10.4174/

astr.2016.90.4.224.

29. Niyyar VD, Wasse H. Vessel mapping for dialysis access

planning. Semin Dial. 2017;30:305e308. https://doi.org/

10.1111/sdi.12594.

30. Wan ZM, Hu B, Lai QQ, et al. Radial artery diameterand and

age related functional maturation of the radio-cephalic arte-

riovenous fistula. BMC Nephrol. 2020;21:234. https://doi.org/

10.1186/s12882-020-01883-w.

31. Gy€ori GP, Eilenberg W, Dittrich L, Neumayer C, Roka S,

Berlakovich GA. Preoperative ultrasound improves patency and

cost effectiveness in arteriovenous fistula surgery. J Vasc Surg.

2019;69:526e531. https://doi.org/10.1016/j.jvs.2018.05.217.
32. Allon M, Lockhart ME, Lilly RZ, et al. Effect of preoperative

sonographic mapping on vascular access outcomes in hemodi-

alysis patients. Kidney Int. 2001;60:2013e2020. https://doi.org/

10.1046/j.1523-1755.2001.00031.x.

33. Misskey J, Hamidizadeh R, Faulds J, Chen J, Gagnon J,

Hsiang Y. Influence of artery and vein diameters on native

arteriovenous access patency. J Vasc Surg. 2020;71:158e172.

https://doi.org/10.1016/j.jvs.2019.03.075. e1.

34. Cho M, Kim JS, Cho S, et al. Baseline characteristics of arm

vessels by preoperative duplex ultrasonography in Korean pa-

tients for hemodialysis vascular access. J Vasc Access.

2019;20:646e651. https://doi.org/10.1177/1129729819838168.

35. Qian JZ, McAdams-DeMarco M, Ng DK, Lau B. Arteriovenous

fistula placement, maturation, and patency loss in older patients

initiating hemodialysis. Am J Kidney Dis. 2020;76:480e489.
https://doi.org/10.1053/j.ajkd.2020.02.449. e1.

36. Beaulieu MC, Dumaine CS, Romann A, Kiaii Ml. Advanced

age is not a barrier to creating a functional arteriovenous fistula:

a retrospective study. J Vasc Access. 2017;18:307e312. https://
doi.org/10.5301/jva.5000710.

37. Werner-Gibbings K, Ischia L, Butcher W, Ward-Harvey R,

Stewart J, Jackson MJ. Selective placement of native arterio-

venous fistulae in an over 80-year-old population. J Vasc Ac-

cess. 2018;19:40e44. https://doi.org/10.5301/jva.5000807.

38. Hwang D, Park S, Kim HK, Huh Sl. Comparative outcomes of

vascular access in patients older than 70 years with end-stage

renal disease. J Vasc Surg. 2019;69:1196e1206. https://doi.org/

10.1016/j.jvs.2018.07.061. e5.

39. Chan C, Ochoa CJ, Katz SG. Prognostic factors for arteriove-

nous fistula maturation. Ann Vasc Surg. 2018;49:273e276.
https://doi.org/10.1016/j.avsg.2018.01.069.

40. MacRae JM, Oliver M, Clark E, et al, Canadian Society of

Nephrology Vascular Access Work Group. Arteriovenous

vascular access selection and evaluation. Can J Kidney Health

Dis. 2016;3. https://doi.org/10.1177/2054358116669125.

41. Gill S, Quinn R, Oliver M, et al. Multi-disciplinary vascular

access care and access outcomes in people starting
hemodialysis therapy. Clin J Am Soc Nephrol.

2017;12:1991e1999. https://doi.org/10.2215/CJN.03430317.

42. Gallieni M, Hollenbeck M, Inston N, et al. Clinical practice

guideline on peri- and postoperative care of arteriovenous

fistulas and grafts for haemodialysis in adults. Nephrol Dial

Transplant. 2020;35:2203. https://doi.org/10.1093/ndt/

gfaa106.

43. Eguchi D, Honma K. Superficial venous dilatation induced by

ultrasound-guided axillary nerve block in vascular access sur-

gery. Ann Vasc Dis. 2018;11:479e483. https://doi.org/10.3400/

avd.oa.18-00097.

44. Hui SH, Folsom R, Killewich LA, Michalek JE, Davies MG,

Pounds LL. A comparison of preoperative and intraoperative vein

mapping sizes for arteriovenous fistula creation. J Vasc Surg.

2018;67:1813e1820. https://doi.org/10.1016/j.jvs.2017.10.067.

45. Zarkowsky DS, Wu B, Gray AT, Oskowitz AZ, Vartanian SM.

Functional outcomes of arteriovenous fistulas recruited with

regional anesthesia. J Vasc Surg. 2020;71:584e591. https://

doi.org/10.1016/j.jvs.2019.03.083. e1.

46. Cerneviciute R, Sahebally SM, Ahmed K, Murphy M,

Mahmood W, Walsh SR. Regional versus local anaesthesia for

haemodialysis arteriovenous fistula formation: a systematic

review and meta-analysis. Eur J Vasc Endovasc Surg.

2017;53:734e742. https://doi.org/10.1016/j.ejvs.2017.01.025.

47. Aitken E, Jackson A, Kearns R, et al. Effect of regional versus

local anaesthesia on outcome after arteriovenous fistula creation:

a randomised controlled trial. Lancet. 2016;388:1067e1074.

https://doi.org/10.1016/S0140-6736(16)30948-5.

48. Fassiadis N, Morsy M, Siva M, Marsh James E, Makanjuola A

David, Chemla Eric S. Does the surgeon's experience impact on

radiocephalic fistula patency rates? Semin Dial.

2007;20:455e457. https://doi.org/10.1111/j.1525-

139X.2007.00310.x.

49. Sharp S, Gascue L, Goldman D, Lawrence PF, Romley J,

Woo K. Higher surgeon procedure volume is associated with

improved hemodialysis vascular access outcomes. Am Surg.

2019;85:1079e1082.

50. Shahinian VB, Zhang X, Tilea AM, et al. Surgeon character-

istics and dialysis vascular access outcomes in the United

States: a retrospective cohort study. Am J Kidney Dis.

2020;75:158e166. https://doi.org/10.1053/j.ajkd.2019.08.001.

51. Duan ZQ, Liu SH, Wang ZH, Song XW, Xu HX, Ma XP. Cause

and prevention of iatrogenic vascular injury related to autolo-

gous arteriovenous fistula(in Chinese). Med J Natl Defending

Forces Southwest China. 2019;29:684e686. https://doi.org/

10.3969/j.issn.1004-0188.2019.06.019.

52. Bandyk DF. Vascular surgery resident education and hands-on

training in vascular laboratory testing. Semin Vasc Surg.

2019;32:41e47. https://doi.org/10.1053/

j.semvascsurg.2019.05.001.

53. Bath MF, Awopetu AI, Stather PW, Sadat U, Varty K,

Hayes PD. The impact of operating surgeon experience, su-

pervised trainee vs. Trained surgeon, in vascular surgery pro-

cedures: a systematic review and meta-analysis. Eur J Vasc

Endovasc Surg. 2019;58:292e298. https://doi.org/10.1016/

j.ejvs.2019.03.029.

54. Mishler R, Yang Z, Mishler E. Arteriovenous fistula creation by

nephrologist access surgeons worldwide. Adv Chron Kidney Dis.

2015;22:425e430. https://doi.org/10.1053/j.ackd.2015.08.006.
55. Malovrh M. Vascular access creation and care should be pro-

vided by nephrologists. J Vasc Access. 2015;16:S20eS23.

https://doi.org/10.5301/jva.5000332.

https://doi.org/10.1371/journal.pone.0112820
https://doi.org/10.1371/journal.pone.0112820
https://doi.org/10.1016/j.jvn.2012.10.003
https://doi.org/10.1016/j.jvn.2012.10.003
https://doi.org/10.5301/jva.5000771
https://doi.org/10.5301/jva.5000771
https://doi.org/10.4174/astr.2016.90.4.224
https://doi.org/10.4174/astr.2016.90.4.224
https://doi.org/10.1111/sdi.12594
https://doi.org/10.1111/sdi.12594
https://doi.org/10.1186/s12882-020-01883-w
https://doi.org/10.1186/s12882-020-01883-w
https://doi.org/10.1016/j.jvs.2018.05.217
https://doi.org/10.1046/j.1523-1755.2001.00031.x
https://doi.org/10.1046/j.1523-1755.2001.00031.x
https://doi.org/10.1016/j.jvs.2019.03.075
https://doi.org/10.1177/1129729819838168
https://doi.org/10.1053/j.ajkd.2020.02.449
https://doi.org/10.5301/jva.5000710
https://doi.org/10.5301/jva.5000710
https://doi.org/10.5301/jva.5000807
https://doi.org/10.1016/j.jvs.2018.07.061
https://doi.org/10.1016/j.jvs.2018.07.061
https://doi.org/10.1016/j.avsg.2018.01.069
https://doi.org/10.1177/2054358116669125
https://doi.org/10.2215/CJN.03430317
https://doi.org/10.1093/ndt/gfaa106
https://doi.org/10.1093/ndt/gfaa106
https://doi.org/10.3400/avd.oa.18-00097
https://doi.org/10.3400/avd.oa.18-00097
https://doi.org/10.1016/j.jvs.2017.10.067
https://doi.org/10.1016/j.jvs.2019.03.083
https://doi.org/10.1016/j.jvs.2019.03.083
https://doi.org/10.1016/j.ejvs.2017.01.025
https://doi.org/10.1016/S0140-6736(16)30948-5
https://doi.org/10.1111/j.1525-139X.2007.00310.x
https://doi.org/10.1111/j.1525-139X.2007.00310.x
http://refhub.elsevier.com/S2095-882X(21)00042-6/sref49
http://refhub.elsevier.com/S2095-882X(21)00042-6/sref49
http://refhub.elsevier.com/S2095-882X(21)00042-6/sref49
http://refhub.elsevier.com/S2095-882X(21)00042-6/sref49
http://refhub.elsevier.com/S2095-882X(21)00042-6/sref49
https://doi.org/10.1053/j.ajkd.2019.08.001
https://doi.org/10.3969/j.issn.1004-0188.2019.06.019
https://doi.org/10.3969/j.issn.1004-0188.2019.06.019
https://doi.org/10.1053/j.semvascsurg.2019.05.001
https://doi.org/10.1053/j.semvascsurg.2019.05.001
https://doi.org/10.1016/j.ejvs.2019.03.029
https://doi.org/10.1016/j.ejvs.2019.03.029
https://doi.org/10.1053/j.ackd.2015.08.006
https://doi.org/10.5301/jva.5000332


251H. Zhang et al. / Chronic Diseases and Translational Medicine 7 (2021) 235e253
56. Prasad N, Thammishetti V, Bhadauria DS, et al. Outcomes of

radiocephalic fistula created by nephrologists. J Vasc Access.

2019;20:615e620. https://doi.org/10.1177/1129729819830361.
57. Regus S, Alm�asi-Sperling V, Rother U, Meyer A, Lang W.

Surgeon experience affects outcome of forearm arteriovenous

fistulae more than outcomes of upper-arm fistulae. J Vasc Ac-

cess. 2017;18:120e125. https://doi.org/10.5301/jva.5000639.
58. Elshafay A, Bendary AH, Vuong HT, et al. Does No-touch

technique better than conventional or intermediate saphenous

vein harvest techniques for coronary artery bypass graft sur-

gery: a systematic review and meta-analysis. J Cardiovasc

Transl Res. 2018;11:483e494. https://doi.org/10.1007/s12265-

018-9832-y.

59. Kim CH, Oh HJ, Kim YS, Kim YL, Chang JH, Ryu DR. The

effect of aspirin on preventing vascular access dysfunction in

incident hemodialysis patients: a prospective cohort study in

Korean clinical research centers for end-stage renal disease

(CRC for ESRD). J Clin Med. 2019;8:677. https://doi.org/

10.3390/jcm8050677.

60. Viecelli AK, Polkinghorne KR, Pascoe EM, et al. Omega-3

fatty acids (fish oils) and aspirin in vascular access outcomes in

renal disease (FAVOURED) study collaborative group. Fish oil

and aspirin effects on arteriovenous fistula function: secondary

outcomes of the randomised omega-3 fatty acids (fish oils) and

aspirin in vascular access OUtcomes in REnal disease (FAV-

OURED) trial. PloS One. 2019;14, e0213274. https://doi.org/

10.1371/journal.pone.0213274.

61. Liu J, Pan Y, Chen L, et al. Low-dose aspirin for prevention of

cardiovascular disease in patients on hemodialysis: a 5-y pro-

spective cohort study. Hemodial Int. 2016;20:548e557. https://

doi.org/10.1111/hdi.12409.

62. Tanner NC, da Silva AF. Medical adjuvant treatment to

improve the patency of arteriovenous fistulae and grafts: a

systematic review and meta-analysis. Eur J Vasc Endovasc

Surg. 2016;52:243e252. https://doi.org/10.1016/

j.ejvs.2016.04.016.

63. Wan Q, Li L, Yang S, Chu F. Impact of statins on arteriovenous

fistulas outcomes: a meta-analysis. Ther Apher Dial.

2018;22:67e72. https://doi.org/10.1111/1744-9987.12597.

64. Irish AB, Viecelli AK, Hawley CM, et al. Omega-3 fatty acids

(fish oils) and aspirin in vascular access outcomes in renal

disease (FAVOURED) study collaborative group. Effect of fish

oil supplementation and aspirin use on arteriovenous fistula

failure in patients requiring hemodialysis: a randomized clinical

trial. JAMA Intern Med. 2017;177:184e193. https://doi.org/

10.1001/jamainternmed.2016.8029.

65. Koyama A, Fujita T, Gejyo F, et al. Orally active prostacyclin

analogue beraprost sodium in patients with chronic kidney

disease: a randomized, double-blind, placebo-controlled, phase

II dose finding trial. BMC Nephrol. 2015;16:165. https://

doi.org/10.1186/s12882-015-0130-5.

66. Shima A, Miyamoto M, Kubota Y, Takagi G, Shimizu W.

Beraprost sodium protects against diabetic nephropathy in pa-

tients with arteriosclerosis obliterans: a prospective, random-

ized, open-label study. J Nippon Med Sch. 2015;82:84e91.
https://doi.org/10.1272/jnms.82.84.

67. McKean JS, Murray F, Gibson G, Shewan DA, Tucker SJ,

Nixon GF. The cAMP-producing agonist beraprost inhibits

human vascular smooth muscle cell migration via exchange

protein directly activated by cAMP. Cardiovasc Res.

2015;107:546e555. https://doi.org/10.1093/cvr/cvv176. Epub

2015 Jun 19.
68. Kim M, Kim JU, Kim SM, Kim H. Effectiveness of beraprost

sodium in maintaining vascular access patency in patients on

hemodialysis. Int Urol Nephrol. 2017;49:1287e1295. https://
doi.org/10.1007/s11255-017-1586-y.

69. Wan Z, Zhu Y, Yang R, et al. Beraprost sodium versus clopi-

dogrel for preventing vascular thromboembolic events of arte-

riovenous fistula in uraemic patients: a retrospective study with

a mean 3-year follow-up. J Int Med Res. 2019;47:252e264.

https://doi.org/10.1177/0300060518800517.

70. Xiao S, Hu SD, Jian X, Ma Y, Yang QL, Zeng SC. Observation

on improving the success rate of arteriovenous fistula in elderly

patients with beprostatin sodium. (in Chinese). Chin J Blood

Purif. 2013;12:483e486. https://doi.org/10.3969/j.issn.1671-

4091.2013.09.005.

71. Yu C, Yan JJ, Yu Y, et al. Study on the effect of alprostadil

combined with beprostatin sodium tablet sequential therapy in

the maturation of arteriovenous internal fistula(in Chinese). J

Clin Nephrol. 2015;15:655e658. https://doi.org/10.3969/

j.issn.1671-2390.2015.11.003.

72. Fu YC, Shen HF, Cao FF, et al. The role of alprostadil com-

bined with beprostatin sodium sequential therapy in the

establishment of arteriovenous internal fistula maturation in

end-stage renal disease (in Chinese). J Vasc Endovasc.

2020;6:296e299. https://doi.org/10.19418/j.cnki.issn2096-

0646.2020.04.003.

73. Huang Yuying, Peng Yaoyao, Liang Xiaodong, et al. Effect of

beprostatin sodium tablet combined with far infrared irradiation

on the maturation of arteriovenous internal fistula (in Chinese).

Clin Med Sci. 2018;8:97e100. https://doi.org/10.3969/

j.issn.2095-0616.2018.17.027.

74. Lu ZF. Effect of sodium beprostatin on the function of arte-

riovenous fistula in patients with end-stage diabetic nephropa-

thy (in Chinese). J Clin Nephrol. 2016;16:548e551. https://
doi.org/10.3969/j.issn.1671-2390.2016.09.008.

75. Liao D, Xiao H, Li H, Yang H, Zhang L. Effect of sodium

beprostaglandin combined with clopidogrel on the success rate

of uremia patients with arteriovenous fistula(in Chinese). China

Phar. 2015;26:1197e1198. https://doi.org/10.6039/j.issn.1001-

0408.2015.09.17.

76. Ohtake T, Sato M, Nakazawa R, et al. Randomized pilot trial

between prostaglandin I2 analog and anti-platelet drugs on

peripheral arterial disease in hemodialysis patients. Ther

Apher Dial. 2014;18:1e8. https://doi.org/10.1111/1744-

9987.12051.

77. Colley E, Simmons A, Varcoe R, Thomas S, Barber T. Arte-

riovenous fistula maturation and the influence of fluid dy-

namics. Proc Inst Mech Eng H. 2020;234:1197e1208. https://

doi.org/10.1177/0954411920926077.

78. Locham S, Beaulieu RJ, Dakour-Aridi H, Nejim B, Malas MB.

Role of antiplatelet therapy in the durability of hemodialysis

access. J Nephrol. 2018;31:603e611. https://doi.org/10.1007/

s40620-018-0490-6.

79. Hsu YH, Yen YC, Lin YC, Sung LCl. Antiplatelet agents

maintain arteriovenous fistula and graft function in patients

receiving hemodialysis: a nationwide case-control study. PloS

One. 2018;13, e0206011. https://doi.org/10.1371/

journal.pone.0206011.

80. Rubin GA, Kirtane AJ, Chen S, et al. Impact of high on-

treatment platelet reactivity on outcomes following PCI in pa-

tients on hemodialysis: an ADAPT-DES substudy. Cathet

Cardiovasc Interv. 2019;96:793e801. https://doi.org/10.1002/

ccd.28577.

https://doi.org/10.1177/1129729819830361
https://doi.org/10.5301/jva.5000639
https://doi.org/10.1007/s12265-018-9832-y
https://doi.org/10.1007/s12265-018-9832-y
https://doi.org/10.3390/jcm8050677
https://doi.org/10.3390/jcm8050677
https://doi.org/10.1371/journal.pone.0213274
https://doi.org/10.1371/journal.pone.0213274
https://doi.org/10.1111/hdi.12409
https://doi.org/10.1111/hdi.12409
https://doi.org/10.1016/j.ejvs.2016.04.016
https://doi.org/10.1016/j.ejvs.2016.04.016
https://doi.org/10.1111/1744-9987.12597
https://doi.org/10.1001/jamainternmed.2016.8029
https://doi.org/10.1001/jamainternmed.2016.8029
https://doi.org/10.1186/s12882-015-0130-5
https://doi.org/10.1186/s12882-015-0130-5
https://doi.org/10.1272/jnms.82.84
https://doi.org/10.1093/cvr/cvv176
https://doi.org/10.1007/s11255-017-1586-y
https://doi.org/10.1007/s11255-017-1586-y
https://doi.org/10.1177/0300060518800517
https://doi.org/10.3969/j.issn.1671-4091.2013.09.005
https://doi.org/10.3969/j.issn.1671-4091.2013.09.005
https://doi.org/10.3969/j.issn.1671-2390.2015.11.003
https://doi.org/10.3969/j.issn.1671-2390.2015.11.003
https://doi.org/10.19418/j.cnki.issn2096-0646.2020.04.003
https://doi.org/10.19418/j.cnki.issn2096-0646.2020.04.003
https://doi.org/10.3969/j.issn.2095-0616.2018.17.027
https://doi.org/10.3969/j.issn.2095-0616.2018.17.027
https://doi.org/10.3969/j.issn.1671-2390.2016.09.008
https://doi.org/10.3969/j.issn.1671-2390.2016.09.008
https://doi.org/10.6039/j.issn.1001-0408.2015.09.17
https://doi.org/10.6039/j.issn.1001-0408.2015.09.17
https://doi.org/10.1111/1744-9987.12051
https://doi.org/10.1111/1744-9987.12051
https://doi.org/10.1177/0954411920926077
https://doi.org/10.1177/0954411920926077
https://doi.org/10.1007/s40620-018-0490-6
https://doi.org/10.1007/s40620-018-0490-6
https://doi.org/10.1371/journal.pone.0206011
https://doi.org/10.1371/journal.pone.0206011
https://doi.org/10.1002/ccd.28577
https://doi.org/10.1002/ccd.28577


252 H. Zhang et al. / Chronic Diseases and Translational Medicine 7 (2021) 235e253
81. Kim JM, Kim JS, Kim HO, et al. Platelet activity with hemo-

globin level in patients with hemodialysis: prospective study.

Medicine (Baltim). 2020;99, e19336. https://doi.org/10.1097/

MD.0000000000019336.

82. van Loon M, van der Mark W, Beukers N, et al. Implementation

of a vascular access quality programme improves vascular ac-

cess care. Nephrol Dial Transplant. 2007;22:1628e1632.

https://doi.org/10.1093/ndt/gfm076.

83. Flu H, Breslau PJ, Krol-van Straaten JM, Hamming JF,

Lardenoye JW. The effect of implementation of an optimized

care protocol on the outcome of arteriovenous hemodialysis

access surgery. J Vasc Surg. 2008;48:659e668. https://doi.org/

10.1016/j.jvs.2008.04.002.

84. Kiaii M, MacRae JM. A dedicated vascular access program can

improve arteriovenous fistula rates without increasing catheters.

J Vasc Access. 2008;9:254e259. https://doi.org/10.1177/

112972980800900406.

85. Fila B, Ibeas J, Tey RR, Lov�ci�c V, Zibar L. Arteriovenous

fistula for haemodialysis: the role of surgical experience and

vascular access education. Nefrologia. 2016;36:89e94. https://

doi.org/10.1016/j.nefro.2015.07.003.

86. Sousa CN, Marujo P, Teles P, Lira MN, Dias VFF,

Novais MELM. Self-care behavior profiles with arteriovenous

fistula in hemodialysis patients. Clin Nurs Res.

2020;29:363e367. https://doi.org/10.1177/1054773818787110.
87. Freitas LR, Pennafort VPDS, Mendonça AEO, Pinto FJM,

Aguiar LL, Studart RMB. Guidebook for renal dialysis pa-

tients: care of central venous catheters and arteriovenous fistula.

Rev Bras Enferm. 2019;72:896e902. https://doi.org/10.1590/
0034-7167-2018-0131.

88. Mollao�glu M, Tuncay F€O, Fertelli TK, Yürügen B. Effect on
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